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ABSTRACT

This document presents the findings of an extensive study of the steam
electric power generating point source category for the purpose of
developing effluent limitations guidelines, standards of performance for
new sources, and pretreatment standards for the industry in compliance

with and to implement Sections 304, 306 and 307 of the Federal Water
Pollution Control Act Amendments of 1972.

Effluent limitation guidelines contained herein set forth as mandated by
the "aAct":

(1) The degree of effluent reduction attainable through the
application of the "“best practicable control technology currently
available" which must be achieved by nonnew point sources by no
later than July 1, 1977.

(2) The degree o¢f effluent reduction attainable +through the
application of the "bhest available technology economically
achievable" which must be achieved by nonnew point sources by no
later than July 1, 1983.

The standards of performance for new sources contained herein set forth
the degree of effluent reduction which 1is achievable through the
application of the "test available demonstrated control technology,
process, operating methods, or other alternatives."

This report contains findings, conclusions and recommendations on
control and treatment technology relating to chemical wastes and thermal
discharges from steam electric powerglants. Supporting data and
rationale for development of the proposed effluent 1limitations
guidelines and standards of performance are contained herein.
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SECTION I

CONCLUSIONS

For the purpose of establishing effluent limitations guidelines and
standards of performance for steam electric powerplants, it has been
found that separate consideration must be given to effluent heat and to
pollutants other than heat, and these are therefore discussed in
separate parts of this report.

Informal categories far establishing guidelines for pollutants other
than heat (chemical-type wastes) have been based on the types of waste
streams generated in each plant, which in turn are dependent on fuels
used, processes employed, plant site characteristics and waste control
technologies. Categories for chemical-type wastes include wastes from
the water treatment system, power cycle system, ash handling system, air
pollution control system, coal pile, yard and floor drainage, condenser
cooling system and miscellaneous wastes.

Informal categories for guidelines for effluent heat (thermal
discharges) include a basic division of the industry by degree of
utilization into base-load, cycling and peaking units. Additional
subcategorizations are based on age and size of facilities.

A survey of current industry practices has indicated that many plants
provide only minimal treatment of chemical type wastes at the present
time, although some c¢f <the more recently constructed plants employ
elaborate re-use and recycle systems as a means of water management.
Current industry practice as far as thermal discharges are concerned is
that they have been successfully controlled where required by
environmental considerations or at sites where the lack of sufficient
naturally available cooling water made once-through c¢ooling systems
impractical.

Current treatment and control technology in the general field of waste
treatment includes many processes which could be applied by powerplants
to reduce the discharge of chemical pollutants. It is therefore
concluded that best practicable control technology currently available
to be applied no later than July 1, 1977, consists of the control and
treatment of chemical-type wastes to achieve significant reductions in
the level of pollutants discharged from existing sources. It is also
concluded that best available technology economically achievable to be
applied no 1later than July 1, 1983, for chemical-type wastes is
reflected by no discharge of pollutants, other than from cooling water
" systems, storm water run-off, sanitary waste systems, and low-level
radwaste systems. No discharge is achievable through the application of
an integrated system of water management which provides for the multiple
re-use of water in uses having descendingly stringent water quality
requirements. Standards of performance for new sources will provide for



essentially the same effluent 1levels as best practical control
technology currently available to due the immediate technical risks of
applying best available technology.

Foxr thermal effluents, it 1is concluded that technology is currently
available and is widely utilized in the industry to achieve any desired
or necessary degree of reduction of the thermal component of powerplant
discharges, including essentially the complete elimination of thermal
discharges. The technological basis for best practicable control
technology currently available, best available technology economically
achievable, and new source performance standards consist of closed-cycle
evaporative cooling systems such as mechanical and natural draft cooling
towers and cooling ponds, lakes and canals.

The designation of specific control ands/or treatment as best practicable
control technology currently available, best available technology
economically achievable, or as the basis for new source standards for
both chemical and thermal discharges is intended to satisfy sections
301, 304 and 306 of the Act. Technology so designated provides the
basis for establishment of thermal and chemical effluent limitations
guidelines and standards, in that the technology selected is available
and capable of meeting the recommended guidelines. However, the
designation of specific technology as “best practicable and standards",
etc., does not mean that it alone must be utilized to meet the effluent
limitations. Any technology capable of meeting the guidelines may be

employed by any powerplant so 1long as the effluent limitations are
achieved.



SECTION II
RECOMMENDATIONS

As a result of the findings and conclusions contained in this report,
the effluent limitations gquidelines and standards of performance
recommended for the steam electric rpower generating point source
category, in compliance with the mandates of the Federal Water Pollution
Control Act Amendments of 1972, are summarized in Tables II-1 and II-2.



Table II-1

SUMMARY EFFLUENT LIMITATIONS GUIDELINES AND STANDARDS FOR POLLUTANTS OTHER THAN HEAT

SOURCE

POLLUTANTS

EFFLUENT LIMITATIONS*

BPCTCA (1977)

BATEA (1983)

New Sources

Nonrecirculating codling water systems

Recirculating cooling water systems

Nonrecirculating ash sluicing systems

Nonrecirculating wetescrubber air
pollution control systems

Low-volume waste sources taken
collectively, as if from one source

Rainfall runoff ta&en collectively,
as if from one source

Sanitary wastes

Radwastes

Clarification water treatment
Softening water treatment
Transformers

Intake screens

Recirculating ash sluicing systems for
fly ash or oil bottom ash

Chemical additives (biocides)
Chlorine-free available
Chlorine=total residual

Chemical additives (corrosion inhibitors)
Chlorine-free available

Chlorine~total residual

Chromium-total

0il and grease

pH value

Total phosphorus (as P)

Total suspended (nonfilterable) solids
Zinc-total

0il and grease
pH value
Total suspended {(nonfilterable) solids

0il and grease
pH value
Total suspended (nonfilterable) solids

Copper-total

Iron-total

0il and grease

pH value

Total suspended (nonfilterable) solids

0il and grease
pH value
Total suspended (nonfilterable) solids

All pollutants

All pollutants

All pollutants

All pollutants
Polychlorinated biphenyls
Debris

All pollutants

No limitation
0.2 (0.5 max)*¥
No limitation

No limitation
0.2 (0.5 max)*¥
No limitation
No limitation

10

6,0 to 9.0
No' limitation
15 (100 max)**%
No limitation

10
6.0 to 9.0
15 (100 max)***

10
6,0 to 9.0
15 (100 max)***

1
1

10 (20 max)###

6.0 to 9.0
15 (100 max)

10 (20 maxﬁ*#
6.0 to 9,0
15 (100 max)

Municipal stds.
No limitation
No discharge
No discharge
No discharge

No discharge

No limitation
0.2 (0,5 max)**
No limitation

No limitation
Wo limitation
No discharge
0,2
10
6.0 to 9.0
-
15 (100 max)
1

No discharge

No discharge

No discharge

No discharge

No discharge
No discharge
No discharge
No discharge

No discharge

10 {20 max} *
6.0 to 9.0
15 (100 max)

Municipal stds,
No limitation
No discharge
No discharge
No discharge
No discharge

Approx. no discharge#
Approx. no discharg
Approx. no discharge

No discharge
0.2 (0.5 max)¥***
No limitation
No discharge

10

6,0 to 9.0
No discharge
15 (100 max)***
No discharge

No discharge
No discharge
10

6.0 to 9.0
15 (100 max)

1
1
10 (20 max)
6.0 to 9.0

15 (100 max)

10 (20 max)##
6,0 to 9
15 (100 max)

Municipal stds.
No limitation
No discharge
No discharge
No discharge
No discharge

No discharge

*

Note: Numbers are concentrations, mg/l, except for pH values. Effluent limitations, except where otherwise indicated, are monthly averages of daily

amounts, mg, to be determined by the concentration shown and the flow of waste water from the source in question. In some cases there are lim=
itations shown on the maximum amount for any day. Where waste waters from one source with effluent limitations for a particular pollutant are
combined with other waste waters, the effluent limitation, mg (or mg/l), for the particular pollutant, excluding pH, for the combined stream
shall be the sum of the effluent limitations (for concentration limits apply appropriate dilution factors) for each of the streams which contri-
bute to the combined stream except that the actual amount, mg (or mg/l), of the pollutant in a contributing stream will be used in place of the
effluent limitation for those contributing streams where the actual amount, mg (or mg/l), of the pollutant is less than the effluent limitation,
mg {or mg/l), for the contributing stream. The pH value shoyld be in the range given at all times.

** Note: Effluent limitations are average concentrations during a maximum of one 2-hour period a day and maximum concentrations at any time. No more than
one unit at a plant may be chlorinated at any time. Limitations are subject to case-by-case variances 1t higher levels or more-iengntny periods
are needed for condenser tube cleanliness.

*%%* Note: Or influent amounts, mg, to that source in the same day, whichever is the greater.

# Note: No discharge of chlorine or other biocides used for biological control in condenser tubes.

## Note: Effluent limitations are average concentrations during the time span of each runoff event and maximum concentrations at any time.

4HH} Note: Average is amount, mg, and maximum is concentration, mg/l1.

+ Note: Same as ## except that limitations apply Sseparately to (1) the segregated first 15 minutes of runoff from any rainfall event, and (2) the
remainder of the rainfall runoff from any rainfall event.



Table II-=2
SUMMARY OF EFFLUENT LIMITATIONS GUIDELINES AND STANDARDS FOR HEAT

TYPE OF UNIT BEST PRACTICABLE CONTROL BEST AVAILABLE TECHNOLOGY
TECHNOLOGY CURRENTLY AVAILABLE ECONOMICALLY ACHIEVABLE
to be met no later than to be met no later than
July 1, 1977 (..o-oooo)

LARGE BASE-LOAD

Construction completed NO DISCHARGE NO DISCHARGE (July 1, 1980)
after July 1, 1977

Construction completed
before July 1, 1977

® 500 MW and larger NO LIMITATION NO DISCHARGE (July 1, 1978)
® 300-499 MW NO LIMITATION NO DISCHARGE (July 1, 1979)
@ all other NO LIMITATION NO DISCHARGE (July 1, 1980)
SMALL BASE-LOAD NO LIMITATION NO DISCHARGE (July 1, 1983)
CYCLIC NO LIMITATION NO DISCHARGE (July 1, 1983)
PEAKING NO LIMITATION NO DISCHARGE (July 1, 1983)

Large means units in plants over 25 MW and in systems over 150 MW,

No limitation for any unit with a remaining service life of six years or less.

No limitation on once-through house service water for nuclear units.

No discharge excludes blowdown,which is limited to a temperature not exceeding the
temperature of water returned to the condenser.

Variations can be granted on a case-by-case basis where sufficient land is not available
and (for best practicable control technology currently available, only) where
neighboring land uses would be impacted by saltwater drift, provided (for both land
availability and saltwater drift) alternative technologies are not practicable.

STANDARD OF PERFORMANCE FOR NEW SOURCES IS NO DISCHARGE OF HEAT (EXCEPT FOR BLOWDOWN)
FOR ALL UNITS, WITHOUT EXCEPTION




SECTION IIT

INTRODUCTION

General Background

The involvement of the Federal Government in water pollution control
dates back to 1948, when Congress enacted the first comprehensive
measure aimed specifically at this problem. At that time the Surgeon
General, through the U. S. Public Health Service, was authorized to
assist states in various ways to attack the problem. The emergence of a
national water polluticn ccntrol program came about with the enactment
of the Water Pollution Control Act of 1956 (Public Law 84-660) which to
this date remains the basic law governing water pollution. This law set
up the basic system cf technical and financial assistance to states and
municipalities, and established enforcement procedures by which the
Federal Government could initiate legal steps against polluters.

The present program dates back to the Water Quality Act of 1965 and the
Clean Water Restoraticn Act of 1966. Under the 1965 Act, the states
were required to adort water quality standards for interstate waters,
and to submit to the Federal Government, for approval, plans to
implement and enforce these standards. The 1966 Act authorized massive
Federal participation in the construction of sewage treatment plants.
An amendment, the Water Quality Act of 1970, extended Federal activities
into such areas as pollution by o0il, hazardous substances, sewage from
vessels, and mine drainage.

Originally, pollution ccntrol activities were the responsibility of the
U. S. Public Health Service. In 1961, the Federal Water Pollution
Control Administration (FWPCA) was created in the Department of Health,
Education, and Welfare, and in 1966, the FWPCA was transferred to the
Department of the Interior. The name was changed in early 1970 +to the
Federal Water Quality Administration and in December 1970, the
Environmental Protection Agency (EPA) was created by Executive Order as
an independent agency outside the Department of the Interior. Also by
Executive Order 11574 on December 23, 1970, President Richard M. Nixon
established the Permit Program, requiring all industries to obtain
permits for the discharge of wastes into navigable waters or their
tributaries wunder the provisions of the 1899 River and Harbor Act
(Refuse Act). The permit rrogram immediately became involved in 1legal
problems resulting eventually in a ruling by a Federal court that
effectively stopped the issuance of a significant number of permits, but
it did result in the filing with EPA, through the U.S. Army Corps of
Engineers, of applications for permits which, without doubt, represent
the most complete inventory of industrial waste discharges yet compiled.
The granting of a permit under the Refuse Act was dependent on the
discharge being able to meet applicable water gquality standards.



Although EPA could not specify methcds of treatment, they could require
minimum effluent levels necessary to meet water quality standards.

The Federal Water Pcllution Control Act Amendments of 1972 (the "Act")
made a number of fundamental changes in the approach to achieving clean
water. One of the most significant changes was from a reliance on water
quantity related effluent limitations to a direct control of effluents
through the establishment of technology-based effluent guidelines to
form an additional basis, as a minimum, for issuance of discharge
permits. The permit program under the 1899 Refuse Act was placed under
full control of EPA, with much of the responsibility to be delegated to
the States.

Purpose_and_Authority

The Act requires the EPA to establish guidelines for technology-based
effluent 1limitations which must be achieved by point sources of
discharges into the navigable waters of the United States. Section
301(b) of +the Act requires the achievement by not later than July 1,
1977, of effluent limitations for point sources, other than publicly
owned treatment works, which are Lkased on the application of the best
practicable control technology currently available as defined by the
Administrator pursuant to Section 304(b) of the Act. Section 301 (b)
also requires the achievement by not 1later than July 1, 1983, of
effluent limitations for point sources, other than publicly owned
treatment works, which are based on the application of the best
available technology economically achievable which will result in
reasonable further prcgress toward the national goal of eliminating the
discharge of all pollutants, as determined in accordance with
regulations issued by the Administrator pursuant to Section 304 (b) of
the Act. Section 306 of the Act requires the achievement by new sources
of a Federal standard of performance rroviding for the control of the
discharge of pollutants which reflects the greatest degree of effluent
reduction which the Administrator determines to be achievable through
the application of the best available demonstrated control technology,
processes, operating methods, or other alternatives, including, where
practicable, a standard permitting no discharge of pollutants. Section
304 (b) of the Act requires the Administrator to publish within one year
of enactment of the Act, regulations rroviding guidelines for effluent
limitations setting forth the degree of effluent reduction attainable
through the applicaticn of the best practicable control technology
currently available and the degree of effluent reduction attainable
through the applicaticn of the best control measures and practices
achievable including treatment techniques, process and procedure
innovations, operation methods and other alternatives. The regulations
proposed herein set forth effluent limitations guidelines pursuant to
Section 304 (b) of the Act for the steam electric powerplant industry.

Section 306 of the Act requires the Administrator, within one year after
a category of sources is included in a 1list published pursuant to



Section 306 (b) (1) () of the Act, to propose regulations establishing
Federal standards of performances for new sources within such
categories. The Administrator published in the Federal Register of
January 16, 1973 (38 F.R. 1624), a 1list of 27 source categories.
Publication of the list constituted announcement of the Administrator's
intention of establishing, under Section 306, standards of performance
applicable to new sources within the steam electric powerplants industry
category, which was included within the list published January 16, 1973.
See Table III-1 for a summary of the principal statutory considerations.

Section 316(a) of the Act provides that whenever the owner or operator
of any point source can demonstrate to the satisfaction of the
Administrator that any effluent limitation proposed for the control of
the thermal component of any discharge will require more stringent
control measures than are necessary to assure the protection and
propagation of a balanced, indigenous population of shellfish, fish and
wildlife in and on the body of water into which the discharge is to be
made the Administratcr may impose less stringent 1limitations with
respect to the thermal component, (taking into account the interaction
of such thermal component with other pollutants) that will assure the
protection and propagation of a balanced, indigenous population of
shellfish, fish, and wildlife in and on that body of water.

The Act defines a new source to mean any source, the construction of
which 1is commenced after the publication of proposed regulations
prescribing a standard of performance. Construction means any
placement, assembly, or installation of facilities or equipment
(including contractual obligations to purchase such facilities or
equipment) at the premises ehere such equipment will be used, including
preparation work at suchk premises.

Scope_of Work_and Technical Arproach

This document was developed, specifically, for effluent discharge from
steam electric powergplants covered under Standard Industrial
Classification 1972 Industry Nos. 4911, 4931, and 4932, relating to
liquid discharges to navigable waters of the United States. The study
was limited to powerplants comprising the electric utility industry, and
did not include steam electric powerplants in industrial, commercial or
other facilities, Electric generating facilities other than steam
electric, such as combustion gas turbines, diesel engines, etc. are
included to the extent that power generated by the establishment in
question is primary through steam electric processes.

This report covers effluents from both fossil-fueled and nuclear plants
and excludes the radiclogical aspects of effluents.

The Act requires that in developing effluent limitations guidelines and
standards of performance for a given industry, certain factors must be
considered, such as the total cost of the application of technology in
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STATUTORY
BASIS

General Description

Table III-1

PRINCIPAL STATUTORY CONSIDERATIONS

Process Changes

Cost

Process

Employed, Age

& Size of Equip-
ment & Facilities-

Best Practicable
Control Technology
Currently Available

304(b) (1) (4)

[Existing Sources]

1. Achieve by 1977.
2. Generally average
of best existing per-
formance; high con-
fidence in engineering-
viability.

3. Where treatment
uniformly inadequate
a higher degree of
treatment may be
required if practic-
able [compare exist-
ing treatment of
similar wastes].

Normally does not
emphasize in-process
controls, except
where presently
commonly practiced.

Balancing of
total cost of
treatment against
effluent reduc-
tion benefits.

Age, size &

process employed

may require

variations in
discharge limits
(taking into account
compatibility of costs

and process technology)

“Non Water Quality
Environmental
Impact & Energy

Best Available
Technology
Economically
Achievable

304(b) (1) (B)

[Existing Sources]

1. Achieve by 1983.

2. Generally best
existing performance
but may include tech-
nology which is capable
of being designed,
though not yet in
place; further
development work could
be required.

Emphasizes both
in-process and end-
of-process control.

Costs considered
relative to broad
test of reason=
ableness.

Age, size &

process employed

may require

variations in
discharge limits
(taking into account
compatibility of costs
and process technology)

Assess 1impact of
alternative controls
on air, solid waste,
noise, radiation

and energy require-
ments.

Assess impact of

alternative controls
on air, solid waste
noise, radiation and
energy requirements.

Standards of
Performance Best
Available
Demonstrated Con-
trol Technology

306
[New Sources]

1. Achieved by sources
for which "construc-
tion" commences after
proposal of regula-
tions.

2. Generally same

Emphasizes process
changes.

considerations as for 1983;

more critical amalysis

of present availability.

Cost considered
relative to broad
test of reasonable-
ness.

N/A

Assess impact of
alternative controls
on air, solid waste,
noise, radiation

and energy require-
ments.



relation to the effluent reduction benefits to be achieved, age of
equipment and facilities, processes employed, engineering aspects of the
application of varicus types of control techniques, process changes,
non-water quality enviornmental impact (including energy requirments)
and other factors. For steam electric powerplants, formal segmentation
of the industry based on all the factors mentioned in the Act has been
found to be inapplicable. However, the two basic aspects of the
effluents produced Ly the industry, chemical aspects and thermal
aspects, were found tc involve such divergent considerations that a
basic distinction between guidelines for chemical wastes and thermal
discharges was determined to be most useful in achieving the objectives
of the Act. Accordingly, this report covers waste categorization,
control and treatment technology and recommendations for effluent
limitations for chemical and other nonthermal aspects of waste discharge
in Part A and similar subjects for thermal aspects of discharges in Part
B of this report considering the factors cited in the Act.

Section 502 (6) of the Act defines the term pollutant in relation to the
discharge into water of certain materials, substances and other
constituents of discharge. The inclusion of heat in the 1list of
pollutants indicates the clear intention on the part of Congress to have
this pollutant included in the same manner as other pollutants in the
establishment of effluent 1limitation guidelines and standards of
performance. The only recognition of heat in any special terms in the
Act is in Sections 104(t) and 316.

Section 104 (t) requires the EPA Administrator in cooperation with other
agencies and organizations to conduct continuing comprehensive studies
of the effects and methods of control of thermal discharges. The
studies are to include cost-effectiveness analysis and total impact on
the environment. The Act states that they are to be used by EPA 1in
carrying out Section 316 of the Act, and by the States in establishing
water quality standards. However it does not indicate that the studies
are to be utilized in establishing effluent limitation guidelines and
standards of performance. Section 316(a) does provide for individual
variances to be granted from effluent guidelines for thermal discharges,
where such a variance will assure the protection and propogation of a
balanced, indigenous population of shellfish, fish and wildlife in and
on that body of water.

Consequently, the Act requires effluent guidelines and standards of
performance for heat to be developed in the same manner as for other
pollutants, but also allows for individual relief from the guidelines
and standards under Section 316. In this context, this report only
contains an evaluation of control and treatment technology for thermal
‘discharges which reduces or eliminates the amounts of heat discharged.
Consideration of mixing zone technology is therefore not included, since
mixing zones do not reduce the effluent heat but rely in part upon the
dilution effect of the receiving water to decrease the overall receiving
water temperatures to meet applicable limitations based on environmental
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criteria. Therefore they do not qualify as a control or treatment

technology  for the establishment of technology-based effluent
limitations guidelines or standards of performance.

The effluent limitations guidelines and standards of performance
proposed herein have been develored from a detailed review of cur;ent
practices in the steam electric powerplant industry. A critical
examination was made of treatment methods now in use in the industry and
methods used in other industries to achieve solutions to problems
similar to those encountered in steam electric powerplants. As part of
the review of current practices, applications for discharge permits
filed in accordance with cther provisions of the Act were examined.
However, since these permit applications cover only the characteristics
of the effluent with no quantification of the corresponding treatment
practices, the value of the information obtainable from them is fairly
limited. Also as part of this effort visits were made to 27 plants,
with at least one plant visit to each of the ten EPA regions. Sampling
programs were conducted at plants where it was felt that sufficient
information could be obtained to document exemplary treatment practices.

The economic analysis contained in this report pertain only to costs
related to control and treatment technology for the reduction and/or
elimination of the discharge of pollutants from steam electric
powerplants. Benefits derived from associated costs are simply the
reduction and/or elimination of pollutant discharges. Cost/benefit
analysis which consider environmental effects, benefits to society,
economic impact, etc. are beyond the scope of this report.

In arriving at recommendations for effluent limitations guidelines and
standards of performance, extensive use has been made of prior studies
in this area made for EPA, in-house information developed by EPA, and
information developed by industry sources. In particular, reference was
made to unpublished material contained in a draft report prepared by
Freeman Laboratories, 1Inc., for the Water Quality Office, EPA, under
Contract No. EPA-WQO 68-01-0032, entitled 1Industrial Waste Studies:
Steam Generating Plants, dated May 1971.

Industry Description

Steam electric powerplants are the production facilities of the electric
power industry. The industry also provides for the transmission and
distribution of electric energy. The industry is made up of two
basically distinct cwnership categories, investor-owned and publicly-
owned, with the latter further divided into Federal agencies, non-
Federal agencies, and cooperatives, About two-thirds of the 3400
systems in the United States perform only the distribution function, but
many perform all three functions, production (generally referred to as
generation), transmission, and distribution. In general, the larger
systems are vertically integrated, while the smaller systems, largely in
the municipal and cooperative categories, rely on firm purchases to meet

12



all cr part of their requirements. Many of the systems are

interconnected, and can, under emergency conditions, obtain power from
other systems.

Historically, the industry started around 1880 with the construction of
Edison's steam electric plant in New York City. For the next sixty
years, growth was continuous, but wunspectacular, due to the fairly
limited demand for power. However, since 1940 the annual per capita
production of electric energy has grown at a rate of about six percent
per year, and the total energy consumption by about seven percent. 1In
1970, there were about one thousand generating systems in the United
States. These systems had a combined generating capacity of 340,000
megawatts (MW) and pgprcduced 1,530,000,000 megawatt hours (MWH) of
energy. A breakdown of the capacity and production by ownership
categories is given in Table III-2.

The industry produces, transmits and distributes a single product,
electric energy. The product is- distinguished from other products of
the American industry by the fact that it cannot be .stored, and that the
industry must be ready tc produce at any give time all the product the
consumer desires to utilize. While some industrial power is sold on a
so-called "interruptikle" basis, the total amount sold on this basis 1is
insignificant compared to the overall power consumption. As a matter of
fact, the ability cf the industry to meet any instantaneous demand is
the criterium for what constitutes satisfactory performance in the
industry and 1is the single most significant factor in determining the
need for new generating facilities.

Other special considerations involved in a discussion of the industry
relate to its role as a public utility, a monopoly, and a regulated
industry. As a public utility, its major objective is to provide a
public service. It must supply its prcduct to all customers within its
assigned service-area, but it cannot discriminate between customers, and
it must supply its product to all customers within a given class at
equal cost. As a monopoly, the industry is generally assigned a service
area, but within that area is exempt from competition except perhaps for
competition with other sources of energy, particularly in the industrial
area. However, in return for the granting of a monopoly, the industry
is required to furnish service. Thus it ' cannot cease to service a
certain area when such service appears to be unprofitable. Finally, in
view of its position as a public utility and a monopoly, both the
quality of service it must provide and the rates it may charge for its
service are regulated by both State and Federal regqulatory agencies.
Since the rates it is allowed to charge are a function of the cost of
providing service, any prudent costs imposed on the industry by
regulatory agencies will eventually be passed on to the electricity
consumer . And since the consumer, particularly at the retail
residential 1level, bhas very few options to the use of electricity, the
relationship between costs and consumption is generally considered to be
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Table III- 2

SUMMARY DESCRIPTION

ELECTRICAL POWER GENERATING INDUSTRY (YEAR 1970)

Nulnber of plants (StationS)oooooooo.........apprOXo 1000

Number of generating uUnitSe.eccssccccccceessedPProx. 3000

6

OWNERSHIP NUMBER OF SYSTEMS*¥* GENERATING CAPACITY, MW¥* GENERATION, 10 MWH?*
Investor 250 265,000 1,180
Federal 2 40,000 190
Public (non-=Fed) 700 35,000 140
Cooperative 65 5,000 22

CUSTOMERS NUMBER ENERGY SOLD, MWH

Residential 55,000,000 450,000,000
Commercial 8,000,000 325,000,000
Industrial 400,000 575,000,000
Other - 60,000,000
PROJECTED GROWTH INSTALLED CAPACITY, MW
1970 266,000
1980 540,000
1990 1,057,000
FUEL USED PERCENT HEAT INPUT
Coal 54
Natural Gas 29
0il 15
Nuclear 2
COST (YEAR 1968) mills/KWH
Production 7.7
To Customers 15.4

* Note: Includes some hydroelectric and internal combustion.



"inelastic" in the short time, that is, an increase in cost has 1little
effect on the level of ccnsumption.

The use of electric energy can be divided into three major categories:
industrial, residential and commercial. In 1965, industrial use
accounted for 41% cf all energy generated. Resiflential use accounted
for 24% and commercial use for 18%. Another 17% of the energy generated
was used by miscellaneous users for auxiliary operations within the
industry or 1lost in transmissions. Studies by the Federal Power

Commission (FPC) indicate no change in this basic use pattern over the
next two decades.

On the other hand, the total amount of electric energy that will be used
is expected to increase significantly over the next two decades. Again,
based on studies by the FPC, it is believed that the required generating
capacity will increase from 340,000 MW in 1970 to 665,000 MW in 1980 and
1,260,000 MW in 1990. The industry's 1970 generating facilities would
therefore have to be almost doubled by 1980 and again doubled by 1990.

At the present time, steam electric powerglants, including both fossil-~
fueled and nuclear-fueled plants, account for about 79% of total
generating capacity and 83% of the total power generated. The remainder
is accounted for by hydroelectric generation, both of the once-through
and pumpedstorage types, and by direct combustion-generation processes
such as gas turbines and diesel engine driven generators. Table III-3,
taken from reports of the FPC, shows the projected growth of generating
capacity over the next two decades.

Four basic fuels are used in steam electric powerplants, three fossil
fuels-coal, natural gas and oil - and uranium, presently the basic fuel
of nuclear power. A potential fuel, reclaimed refuse, is being burned
at one experimental facility, but is not likely to have a major impact
on the industry within the foreseeable future. Table III-4, again from
FPC regorts, shows the projected distribution of fuel use for steam
electric power generaticn for the next two decades.

Table III-5 shows the rrojected annual fuel requirements for steam
electric powerplants over the next two decades. See also Figure III-1
for a graphical presentation of the projection, by the Joint Committee
on Atomic Energy, of the UsS. energy flow pattern for 1980. Although
their share of the total fuel use is declining, the actual use of all
three fossil fuels 1is projected to continue to increase, Most
significant is the fact that utility consumption of coal will more than
double although coal's share of the total use will decrease from 54% to
31%. These projections assume no major slippages in the construction of
nuclear generating plants. Should such slippages occur, it is possible
that coal will be called upon to assume an even greater role in meeting
the nation's energy needs.
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TABLE III- 3
PROJECTED GROWTH OF UTILITY ELECTRIC GENERATING CAPACITY
(Figures in thousands of megawatts)
1970 (actual) 1980 1990
% of % of % of

Type of Plant Capacity Total Capacity Total Capacity Total
Fossil Steam 260 76 393 59 557 44
Nuclear Steam 6 2 147 22 500 40

Subtotal Steam 266 78 540 81 1,057 84
Hydroelectric~

conventional 52 15 68 10 82 6
Hydroelectric-

pumped storage 4 1 27 4 71 6
Gas-Turbine and Diesel 19 6 31 5 51 4

TOTALS 341 100 666 100 1,261 100

Notes: (1) These projections are keyed to the electrical energy demand projections made

by Regional Advisory Committee studies carried out in the 1966-1969 period.

(2) The projections are premised on an average gross reserve margin of 20%.

(3) Since different types of plants are operated at different capacity factors,

this capacity breakdown is not directly representative of share of kilowatt~hours
For example, since nuclear plants are customarily used in base-~load
service and therefore operate at comparatively high capacity factors, nuclear
power's contribution to total electricity production would be higher than its

production.

capacity share.
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FPC PROJECTION OF FUEL USE IN STEAM ELECTRIC

Table III- 4

POWERPLANTS
Fuel 1970 1980 1990
Coal 54% 41% 30%
Natural Gas 29 14 8
Fuel 0il 15 14 9
Nuclear 2 31 53
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FPC PROJECTED ANNUAL FUEL REQUIREMENTS FOR

Table III- 5

STEAM ELECTRIC POWERPILANTS

Fuel Measure 1970 1980 1990
Coal lO6 tons 332 500 500
Natural Gas lO12 cubic feet 3.6 3.8 3.8
Fuel 0il lO6 barrels 331 640 800
U308 lO3 tons to diffusion 7.5 41 127

plants without re-
cycle of plutonium
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Figure III-1
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Coal is the most abundant of the fossil fuels. Nationwide it 1S
estimated that proven recoverable reserves are sufficient to supply our
needs for the next 200 to 300 years. A problem with coal is that 1t
varies 1in chemical rroperties and its geographic distribution does nqt
coincide with the geographic distribution of the demand for electric
energy. A primary concern is the sulfur content of the coal. Most of
the Eastern coal is too high in sulfur content to meet the increasingly
stringent limits on sul fur dioxide in stack gases.

Sulfur dioxide removal systems are being employed at a number of
powerplants. All indications are that 1limitations on sulfur dioxide
emissions will substantially increase production costs in coal-burning
powerplants. In the West, there are large deposits of low sulfur coal,
but here the cost of either shipping the coal or transmitting electric
energy are substantial. The possibilities of further environmental
restrictions as much as the actual environmental regulations now in
force has possibly resulted in the conversion of a large number of coal
burning plants to cther forms of fossil fuel, and the construction of
new generating facilities using less abundant but more environmentally
acceptable fuels.

Both natural gas and low sulfur residual oils are in short supply. The
natural gas situation was initially felt to be more «critical and some
generating plants were being converted from natural gas to fuel oil.
The FPC projections indicated that natural gas utilization would remain
fairly constant and that the use of fuel o0il would increase at
approximately the same rate as the use of coal. All of these
projections were based on the assumption that there would be no
additional governmental actions regulating the utilization of fuels and
that nothing would happen to affect our present heavy reliance on
foreign sources for fuel oil. Subsequently, the fuel 0il problem became
critical, projections were altered and certain plants were considered
for reconversion to ccal.

Finally, the projected growth of nuclear generating capacity is
dependent in the short run on the discovery of additional deposits of
low-cost uranium and the construction of additional ore processing
facilities. In the 1lcng run, it is dependent on the successful
development and use of breeder reactor systems. The United States may
have a full-scale breeder plant in operation in the 1980's.

In summary, this report deals with the setting of effluent guidelines
for an industry with many complex aspects. It is a public utility and
therefore is regulated both as to the quality of its service and the
rates it can charge for the service. While requlation limits the rates
it can charge, it alsc insures that any prudently increased costs will
eventually be passed on to the retail customer. Except for some
competition in the industrial wuse of electricity, there is 1little
competition for the use of its product. On the other hand, the industry
itself has little mokility. A powerplant generally cannot be moved and
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a generating unit can be shut down only when an equivalent unit has been
provided. Since its prcduct cannot be stored and must be produced to
meet a fluctuating demand, much of its capacity is used only part time.
With suitable sites near the centers of demand largely used up, it has
to go further and further from its demand to obtain satisfactory
generating sites, and even then is often encountering pressure from
environmental groups opposed to the construction of the new facilities.
Generally, the sliprage in the schedules for new powerplants is
requiring the industry to continue to operate some of the older, less
efficient, and perhaps less environmentally acceptable plants.
Amplification of the "energy crisis" has evoked considerable attention,
constraints, and changes in the industry. In addition to some shifts in
fuel and fuel costs, reduced projections for the demand for electricity
have caused at least one major system to announce a slowdown in planned

expansion resulting in the delay in construction of two large generating
units.

The setting of effluent standards for steam electric powerplants has
therefore involved a large number of complex factors, many of which do
not apply to a conventional manufacturing industry producing a non-
perishable, transportable product in a competitive market.

Process_Description

The “"production" of electrical energy always involves the utilization
and conversion of some other form of energy.

The three most important sources of energy which are converted to
electric energy are the gravitational potential energy of water, the
atomic energy of nuclear fuels, and the chemical energy of fossil fuels.
The utilization of water power involves the transformation of one form
of mechanical energy into another prior to conversion to electrical
energy, and can be accomplished at greater than 90 percent of
theoretical efficiency. Therefore, hydroelectric power generation
involves only a minimal amount of waste heat production due to
conversion inefficiencies. Present day methods of utilizing the energy
of fossil fuels, on the other hand, are based on a combustion process,
followed by steam generation to convert the heat first into mechanical
energy and then to convert the mechanical energy into electrical energy.
Nuclear processes as generally utilized also depend on the conversion of
thermal energy (heat) to mechanical energy via a steam cycle. Although
progress in powerplant development has been rapid, a large part of the
energy released by the fuel as heat at a high temperature level, in even
the most efficient plants, is not converted to useful electrical energy,
but is exhausted as heat at a lower temperature level. This is due to
the second law of thermodynamics which rests an experimental evidence.

Where a water-steam cycle is used to convert heat to work, the maximum

theoretical efficiency that can be obtained is 1limited by the
temperatures at which the heat can be absorbed by the steam and
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discarded to the environment. The upper temperature is limited by the
temperature of the fuel bed and the structural strength and other
aspects of the boiler. The lower temperature is ideally the ambient
temperature of the environment, although for practical purposes the
reject temperature must be set by design significantly above the highest
anticipated ambient temperature. Within these temperatures it <can be
shown that the conversion of heat into any other form of energy is
limited to efficiencies of about 40 percent regardless of any
improvements to the machines employed. The limited boiler temperature
utilized by present day light water nuclear powerplants is the major
reason of the lower efficiency of these plants compared to fossil-fueled
plants. For any steam electric power generation scheme, therefore, a
minimum of 60 percent of the energy contained in the fuel must be
rejected to the environment as waste heat. The extent to which existing
and future steam electric powerplants approach this theoretical limit
will be discussed later in this report, as will alternate methods of
converting fuel energy to electric energy which do not employ a steam
cycle and therefore are not limited to steam cycle efficiencies.

Fossil-fueled steam electric powerplants produce electric energy in a
four stage process. The first operation consists of the burning of the
fuel in a boiler and the conversion of water into steam by the heat of

combustion. The second operation consists of the conversion of the
high-temperature high-pressure steam into mechanical energy in a steam
turbine. The steam leaving the turbine is condensed to water,

transferring heat to the cooling medium, which is normally water. The
turbine output is conveyed mechanically to a generator, which converts
the mechanical energy into electrical energy. The condensed steam is
reintroduced into the boiler to complete the cycle.

Nuclear powerplants utilize a similar cycle except that the source of
heat is atomic interactions due to nuclear fuel rather than combustion
of fossil fuel. - Water serves as both moderator and coolant as it passes
through the nuclear reactor core. In a pressurized water reactor, the
heated water then passes through a serarate heat exchanger, where steam
is produced on the secondary side. This steam, which is not
radioactive, drives the turbine. 1In a boiling water reactor, steam is
generated directly in the reactor core and is then piped directly to the
turbine. This arrangement results in some radioactivity in the steam
and therefore requires some shielding of the turbine. Long term fuel
performance and thermal efficiencies are similar for the two types of
nuclear systems.

The theoretical water-steam cycle employed in steam electric powerplants
is known as the Rankine cycle. Actual cycles in powerplants only
approach the performance of the Rankine cycle because of practical
considerations. Thus, the heat absorption does not occur at constant
temperature, but consists of heating of the liquid to the boiling point,
converting of 1liquid to vapor and superheating (heating above the
saturation equilibrium temperature) the steam. Superheating is
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necessary to prevent excess condensation in the turbines and results in
an increase in cycle efficiency. Reheating, the raising of the temper-
ature above saturation of the partially expanded steam, is used to
obtain improvements in efficiency and again to prevent excess
condensation. Preheating, bringing of condensate to near boiling
temperatures with waste heat, is also used for this purpose. Condensers
cannot be designed to operate at theoretically optimum values because it
would require infinitely large equipment. All of these divergences from
the optimum theoretical conditions cause a decrease in efficiency and an
increase in the amount cf heat rejected per unit of production. As a
result, only a few of the larger and newer plants approach even the
efficiencies possible under. the ideal Rankine cycle. Also as a result
of second law 1limitatiohs, modifications of the steam cycle of an
existing plant are not likely to result in significant reductions in
heat rejection.

Alternate Praocesses

Alternate processes for generatihg electric energy can be divided into
three distinct groups. The first group includes those processes that
are presently being used to generate significant amounts of electrical
energy. This group includes hydroelectric power generation, combustion
gas turbines, and diesel engines. The second group includes processes
that seek to improve on the steam electric cycle by utilizing new fuels
or new energy technology« This group includes liquid metal fast breeder
reactors, geothermal generation, wutilization of solar energy, and
various forms of combining cycles to obtain greater thermal efficiency.
The last group includes .those systems, also mostly still under
development, that seek to eliminate the inherent 1limitations of the
Rankine cycle by providing for some type of direct conversion of
chemical energy intc electrical energy. This group includes
magnetohydrodynamics, electrogasdynamics and fuel cells.

Presently Available Alternate Processes
Hydroelectric Power

Hydroelectric develorments harness the energy of falling water to
produce electric power, and have a number of distinct advantages over
steam electric plants. Operation and maintenance costs are generally
lower, Although the initial capital cost may be higher, hydroelectric
developmerits have 1lcnger 1life and 1lower rates of depreciation, and
capital charges may therefore be less. The cost of fuel is not an item
of operating cost. Bcth availability and reliability are greater than
for steam electric units. Hydroelectric plants are well suited for
rapid start and ragid changes in power output and are therefore
particularly well adapted to serve peak loads. Best of ali,
hydroelectric plants do not consume natural fuel resources, produce no
emissions that affect air quality and discharge no significant amounts
of heat to receiving waters.
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Unfortunately, the availability of hydroelectric power is limited to
locations where nature has created the opportunity by providing both the
stream and the difference in elevation to make the energy extractab%e.
In many instances this means generation far away from load centers with
long transmission lines required to bring the energy to its point of
use. At the present time, hydroelectric generation in the United States
is a major factor only in the Far West, in New York State, and in some
areas of the Appalachian Region. Total hydroelectric capacity installed
at the end of 1970 amcunted to 52,300 MW, amounting to about 15% of the
total installed U. S. generating capacity. 1In spite of a projected
growth of about 30,000 MW by 1990, the share of once-through electric
power is expected to decline to about 7% by 1990. The primary reason
for this decline is that the best available sites for hydroelectric
power have already been developed and that the remaining sites are
either too far from lcad centers or too costly to develop. Development
of some sites may be prohibited by legislation such as the Colorado
River Basin Project Act (P. L. 90-537) and the Wild and Scenic Rivers
Act (P-. L. 90-542). Development of the maximum potential at other
sites may be limited Ly the Federal Power Act which requires that a
project +to be licensed or relicensed be best adapted to a comprehensive
plan for the use of the basin's resources.

There is a possibility of importing substantial blocks of hydroelectric
power from eastern Canada, but the rapid rate of growth in Canada has
possibly been a factor in the inability of that country and the United
States to enter into long-term contracts for the sale of power. As much
as 5,000 MW might be available on a short-term basis of about twenty
years and could be transmitted to 1load centers in the Northeastern
United States at economically feasible costs.

One form of hydroelectric power, pumped storage projects, is expected to
play an increasing role in electric power generation. In a pumped
storage project water is pumped, by electricity generated by thermal
units, into an elevated reservoir site during off-peak hours and
electricity is then generated by conventional hydro means during the
periods of peak usage. Pumped storage plants retain the same favorable
operating characteristics as once~through hydroelectric plants. Their
ability to accept or reject large blocks of energy very quickly make
them much more flexible than either fossil-fueled or nuclear plants. Of
course, the power required to pump the water into the reservoir must be
generated by some cther generating facility. Efficiencies of pumping
and of hydroelectric generation are such that about 3 KWH of energy must
be generated for each 2 KWH recovered, but on many systems the loss of 1
KWH of non-peak fuel consumption in lieu of 2 KWH (equivalent) of
capital expenditure for additional peak generating capacity is favorable
in the light of overall system economics.

Although the earligst pumped storage project dates back to 1929, total
pumped storage capacity at the end of 1970 amounted to only 3,700 MW.
FPC estimates indicate that pumped storage capacity may reach 70,000 MW
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by %990. This would represent a higher rate of growth than the
projected growth of the entire industry.

Although hydroelectric plants produce neither air emissions nor thermal
discharges, some proposed projects have drawn opposition from
environmental groups because of the large volumes of water being drawn
through the turbine-pump units, with the associated potential for damage
to marine 1life, and the relatively large areas of uncertainty
surrounding the effect of artificial reservoirs on groundwater regimen.
Several of the pumped stcrage project reservoirs have required remedial
measures to reduce leakage of water from the reservoir.

In general, hydroelectric power rerresents a viable alternative to
fossil-fueled or nuclear steam cycle generation where geographic,
environmental and economic conditions are favorable. Pumgped storage
additionally offers an cprortunity to imgprove overall system performance
and reliability, particularly for rapid startup and maintenance of
reserves ready to be loaded on very short notice.

Combustion Gas Turbines and Diesel Engines

Combustion gas turbines and diesel engines are devices for converting
the chemical energy of fuels into mechanical energy by using the Brayton
and Diesel thermal cycles as opposed to the Rankine cycle used with
steam, As with the Rankine cycle, the second law of thermodynamics
imposes upper limits as their ideal energy conversion efficiencies based
on the maximum combustion temperature and the heat sink temgerature
(ambrient air). The actual conversion efficiencies of combustion gas
turbines and diesel engines are lower than those of the better steam
cycle plants. Diesel engines are used in small and isolated systems as
a principal generator of electrical energy and in larger systems for
emergency or standky service., Combustion gas turbines are used
increasingly as peaking units and in some instances as part of combined
cycle plants, where the hot exhaust gases from a combustion gas turbine
are passed through a koiler to generate steam for a steam turbine. Both
types of units are relatively low in capital cost ($/KW), require little
operating labor, are carakle of remote controlled operation, and are
able to start quickly. Since these units typically operate less than
1,000 hours per year, fuel costs are generally not a deciding factor.

In a combustion gas turkine, fuel is injected into compressed air in a
combustion chamber. The fuel ignites, generating heat and combustion
gases, and the gas mixture expands to drive a turbine, which is usually
located on the same axle as the compressor. Various heat recovery and
staged compression and combustion schemes are in wuse in order to
increase overall efficiency. Aircraft jet engines have been used to
drive turbines which in turn are connected to electric generators. In
such units, the entire jet engine may be removed for maintenance and a
spare installed with a minimum of outage time. Combustion gas turbines
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require 1little or no cooling water and therefore produce no significant
thermal effluent.

Diesel engines can be operated at partial or full loads, are capable .of
being started in a very short time, and are ideally suited for peaking
use. Many large stean electric plants contain diesel generators for
emergency shutdown and startup power if the plant is isolated from
outside sources of power.

In 1970, combustion gas turbine and diesel engines represented 6% of the
total United sStates generating capacity. This repgesented 15,000 MW of
combustion gas turbines and 4,000 MW of diesel engines.

Alternate Processes Under Active Development

Future Nuclear Types

At the present time almost all of the nuclear powerplants in operation
in the United States are of the boiling water reactor (BWR) or
pressurized water reactor (PWR) type. As previously discussed some
technical aspects of these types of reactors 1limit their thermal
efficiency to about 30%. There are potential problems in the area of
fuel availability if the entire future nuclear capacity is to be met
with these types of reactors. 1In order to overcome these problems, a
number of other types of nuclear reactors are in various stages of
development. The objective of develoring these reactors is two-fold, to
improve overall efficiency by being able +to produce steam under
temperature and pressure conditions similar to those being achieved in
fossil fuel plants, and to assure an adequate supply of nuclear fuel at
a minimum cost. Included in this group are the high temperature gas-
cooled reactor (HTGR), the seed blanket light water breeder reactor
(LWBR), the liquid metal fast breeder reactor (LMFBR), and the gas-
cooled fast breeder reactor (GCFBR). All of these utilize a steam cycle
as the last stage befcre generaticn of electric energy. Both the HTGR
and the LMFBR have advanced sufficiently to be considered as potentially
viable alternate processes.

The HTGR is a graphite-moderated reactor which uses helium as a primary
coolant. The helium 1is heated to about 750 degrees centigrade (1400
degrees Fahrenheit), and then gives up its heat to a steam c¢ycle which
operates at a maximum temperature of about 550 degrees centigrade (1,000
degrees Fahrenheit). As a result, the HTGR can be expected to produce
electric energy at an overall thermal efficiency of about 40%. One HTGR
is operating in the United States at this time, with another expected to
be operating in 1974. The HTGR should be responsible for a significant
portion of the total nuclear capacity by about 1985. The thermal
effects of its discharges should be similar to those of an equivalent
capacity of fossil-fueled plants. Its chemical wastes will be provided
with essentially similar treatment systems that are presently being
provided for BWR and PWR plants.
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The LMFBR will have a primary and secondary loop cooled with sodium, and
a tertiary power producing loop utilizing a conventional steam system.
Present estimates are that the LMFBR will operate at an overall thermal
efficiency of about 36%, although higher efficiencies are deemed to be
ultimately possible. The circulating water thermal discharges of the
LMFBR will initially be about halfway between those of the best fossil-
fueled plants and the current generation of nuclear plants. Chemical
wastes will be similar tc those of current nuclear plants.

Coal Gasification

The technology for producing from coal a 1low BTU gas suitable for
combustion in a utility powerplant has long been available. Thus far,
the economics of processing the coal at the mine and transporting gas to
the point of wuse have not been sufficiently favorable to lead to the
construction of large scale facilities based on this process.

The attractiveness of the concept lies in its potential for wutilizing
the most abundant of the fossil fuels, coal, without the problems
usually associated with coal, sulfur and particulates in the stack gases
and ash and slag problems in the boiler. The drawbacks are that coal
gasification only returns 2 KW for each 3 KW of coal processed, large
capital investments are required, and the resulting cost per BTU is
high.

The Federal Government and a number of private organizations are
supporting research and development seeking to reduce the cost of coal
gasification. There are at least eight process alternates in various
stages of development with different by-products or energy requirements.
Best current estimates are that low BTU gas could be produced from coal
for about twice the average price currently (1973) paid by electric
utilities for natural gas. With an increasing shortage of natural gas
and fuel oil and increasing pressure on the utilities for
environmentally "clean" generation of electric energy, coal gasification
could well turn into a significant factor in the steam electric
powerplant industry.

Combined Cycles

one possible avenue toward greater overall thermal efficiency lies in
first utilizing the hct gases generated by combustion of the fuel in a
combustion gas turbine and then passing the exhaust of the turbine
through a steam boiler. A small number of plants based on this concept
have been constructed. One problem lies in the fact that present-day
turbine technology requires a relatively clean gas or light oil (natural
gas or refined oil) fuel. Gas turbines are used ‘primarily as peaking
units due to the shortage of natural gas supplies, its high cost per
unit of heating value, and the relatively high maintenance cost of the
equipment. Thermal efficiency is a primary consideration only for base
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loaded units and experience with gas turbines used as base- load units
is limited.

A major advantage cf the combustion gas turbine is the fact that it
requires no cooling water. Conversion of existing units or plants to
combined cycle offers, at least in theory, the potential for reduging
the thermal effects associated with a given production of electrical
energqgy. In practice, the modification of existing equipment is
generally likely to be technically difficult, if not impossible, and of
doubtful economic viakility.

one form of combining cycles that holds special attraction is the
utilization of municipal refuse as a source of energy for the production
of steam and electrical power. Municipal refuse has an average heating
value of about 12,000 J/g (5000 BTU/lb). Many municipalities have been
forced to incineration of their refuse by the growing scarcity of
available and environmentally acceptable sites for landfill operations.
In European countries, higher fuel costs and lower wages have resulted
in economics favorable tc the recovery of heat from the incineration of
refuse. In the United States, general practice has been to incinerate
refuse in refractory furnaces without attempt at heat recovery, although
several large municipal incinerators now generate steam.

Plant No. 2913 has Lkeen converted to accept a mixture of 10 to 20%
shredded refuse and 80 to 90% powdered coal. The refuse has previously
been processed to remcve a portion of the ferrous metals. The operation
appears to be reasonakly successful, although its economic justification
is more difficult to document. Refuse can never supply more than a
minor fraction of the energy requirements of a community and the
modifications to both the refuse disposal operations and the production
of electric energy are such that the economics must be carefully
evaluated in each individual case.

Future Generating Systems
Magnetohydrodynamics

Magnetohydrodynamic (MHD) power generation consists of passing a hot
ionized gas or liquid metal through a magnetic field to generate direct
current. The concept has been known for many years, although specific
research directed towards the development of viable systems for

generating significant quantities of electric energy has only been in
progress for the past ten years.

The promise of MHD 1lies in its potential for high overall system
efficiencies, particularly if applied as a "topping" unit in conjunction
with a conventional steam turbine. The exhaust from a MHD generator is
still at a sufficiently high temperature to be utilized in a waste heat
boiler. The combined MHD-steam cycle could result in overall system
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efficiencies of 50 to 60% and would require substantially 1less cooling
water than presently available systems.

The problems with MHLC lie in the development of suitable materials that
can withstand temgperatures in the 2200-28000C (4000-50009F) range. This
includes electrodes, channels, and auxiliary components. There are also
problems in <the burning of commercial fuels containing various
impurities (such as sulfur-containing coal) and problems resulting from
the fixation of nitrogen and the lack of satisfactory methods to remove
nitrous oxides from the stack gases.

Although the Soviet Union and Japan are actively engaged in MHD research
and development, including the ccnstruction of a commercial size MHD
plant in Moscow, experimental generators in the United States have
produced only moderate outputs for short periods of time or small
outputs for periods of ur to hundreds of hours. In spite of substantial
interest in and support of MHD research by the Office of Coal Research
of the U. S. Department of the Interior, and the Edison Electric
Institute, it does not seem 1likely that MHD will reach commercial
operations in the United States within the next ten years.

Electrogasdynamics

Electrogasdynamics (EGD) produces power by passing an electrically
charged gas through an electric field. The process converts the kinetic
energy of the moving gas to high voltage direct current electricity.

The promise of EGD is similar to the promise of MHD. Units would be
smaller, with a minimum of moving parts, would not be limited by thermal
cycle efficiencies and would not require cooling water. The system
could also be adapted to any source of fuel or energy including coal,
gas, o0il or nuclear reactors.

Unfortunately, the rroblems of develoring commercially practical units
are also similar to those associated with MHD. A pilot plant was
constructed in the United States in 1966, but tests on the pilot model
uncovered major technical problems and resulted in a termination of the
project. In view of these difficulties and the relatively small current
effort toward further work on this process, it seems unlikely that EGD
will have an impact on the national energy picture within the next
twenty years.

Fuel Cells

Fuel cells are electrochemical devices, similar to storage katteries, in
which the chemical energy of a fuel such as hydrogen is converted
continuously into low voltage electric current. Fuel cells presently
under development produce 1less that 2 volts per cell. In order to
create a usable potential, many cells have to be arranged in series and
many of these series arrangements must be paralleled in order to produce
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a significant current. Converters would be required to convert the
direct current produced by the cells into alternating current.

The main attractiveness of the fuel cell lies in its modular capability
and the possibility c¢f tailoring power output to the immediate needs.,
Fuel can be stored and used when needed. Losses in transporting fuel
are also less that the corresponding losses incurred in transmitting
electricity. The efficiency of the direct conversion from chemical to
electric energy is high and the heat losses are minimal.

Main problem areas at the present time 1lie in developing low cost
materials of construction and 1low cost fuels. The most effective
electrodes presently available are platinum electrodes, which can be
used in military and space applications, but are not economically
competitive for commercial use. Presently used fuels include hydrogen,
hydrazine and methyl alcohol. The use of relatively low cost fuels such
as coal, natural gas or petroleum is not feasible at this time,
Unfortunately, the wmanufacture of the usable fuels also involves the
utilization of significant quantities of electric and other energy, so
that the overall benefits are questionable.

A strong effort is keing made in the United States to develop the fuel
cell for residential and commercial service. A number of prototype
units have been installed and are operating successfully. However the
fuel cell is not expected to rerlace a significant portion of the
central plant power generation within the next ten years.

Geothermal Generation

Geothermal generation utilizes natural steam or hot water trapped in the
earth's crust to ©produce electrical energy. At the present time,
geothermal generation is limited to areas of geothermal activity such as
fumaroles, geysers and hot springs. If steam is obtained directly from
the earth, it can be used to drive a turbine. Hot water must first be
flashed to steam or used to evaporate some other type of working fluid.

Advantages of this type cf power generation are that the source of
energy 1is essentially free, although the costs of drilling are not
insignificant. Disadvantages are that the steam must first be cleaned
and that, at the current state of the art, this scheme is practical only
where there is geothermal activity near the surface of the earth. With
the advances being made in deep drilling for locating oil, it would seem
possible to tap energy sources almost anywhere on earth. However,
economic considerations appear to lead to the conclusion that geothermal

generation will be feasible only under specially favorable geologic
conditions.
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Industry Requlation

At the Federal level, numerous agencies have regulatory authority or
direct responsibility for certain aspects of the industry. These
include the Atomic Energy Commission (AEC), Department of Agriculture,
Department of the Interior, Federal Power Commission, the Department of
the Treasury, Securities and Exchange Commission, Tennessee Valley
Authority, Environmental Protection Agency and the Department of Labor.

The Federal Power Commission (FPC) is authorized to provide certain
types of economic regulation over certain investor-owned electric
utilities and administrative supervision over certain publicly-owned
systems. It licenses all non-Federal hydroelectric projects, regulates
all interstate rates and services, and requires systems to keep a
specific system of accounts and submit reports on their activities. The
annual report FPC Form 67, Steam Electric Plant Air and Water Quality
Control Data, with respcnses from 654 plants, and the Summary Report for
the year ended December 31, 1969, formed one of the major sources of
data for this report. The 654 plants reporting represented steam
electric plants of 2S5 MW or greater capacity which were part of a power
supply system of 150 MW or greater and plants of 25 MW or greater
capacity operating in one of the Air Quality Control Regions.

The Atomic Energy Commission (AEC) has the responsibility for licensing
construction and operation of nuclear plants (stations). A utility
proposing to build a nuclear plant must first apply for a construction
permit. With this aprlication the wutility must file a Preliminary
Ssafety Analysis Report and an Envircnmental Impact Statement. After the
major design details have been completed, and while construction is
under way, the utility has to submit a Final Safety Analysis Report
which then becomes the basis for an orerating license. In conformance
with a recent decision by the United States Court of Appeals, AEC
licensing procedures now include consideration of all environmental
factors, non-nuclear as well as nuclear, as required by the National
Environmental Policy Act (NEPA) of 1969.

At the state 1level, all states except Minnesota, Nebraska, Texas and
South Dakota have regulatory commissions with authority over investor
owned utilities. In 1less than half the states, the c¢ommissions also
have the power to regulate publicly-owned utilities, The degrees of
authority vary, but generally include territorial rights, quality of
service, safety, and rate-setting. The rate-setting power generally
requires a utility tc demonstrate to the regulatory authority that a
proposed rate structure is necessary in order to permit the utility to
earn a return on its equity investment, also known as a rate base. The
rate base may be determined from historical cost or fair market value or
some other valuation formula, but in most cases, commissions in effect
assure the utility of a minimum return on capital invested in its
system.
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Construction Schedules

Construction schedules for nuclear plants and fossil-fueled plants are
significantly different in the total time span required from the concept
study stage to commercial operation. For example, the condensed
construction schedule for a 200 MW oil-fired unit shown in Figure III-2
encompasses a span cf about three years from initiation of the concept
study to commercial operation. 1In contrast, Figure III-3 shows excerpts
from a typical LWR nuclear plant project schedule. The time Span shown

from the initiation of the preliminary design until commercial operation
is about 8-9 years.
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Figure III-2

CONDENSED CONSTRUCTION SCHEDULE, 200 MW OII~-FIRED UNIT* (Reference No. 187)

Years
Months

Concept Study Begun

Grading and Excavation - Boilout
Piling —— Initial Steam
Substructure Commercial Oper.
Structural Steel ot e g
Superstructure
Gallery Work -
Steam Generator -
Steam Turbine-Generator -
Condensing Equipment ——
Cooling Tower** | | cmama-
Equipment Erection - -
Flues, Ducts and Stack | | ]| e=———
Misc, Field Erection ——
Piping System ——— -
Thermal Insulation | | cccaaa=
Electrical o -

* Note: Base-=load type unit with provisions for cycling duty. Major items of
equipment include one main transformer, one generator, one steam turbine,
one steam condenser, two condensate pumps, five closed feedwater heaters,
one deaerating heater, two boiler feedwater pumps, one steam generator,
one combustion burner group, and two combustion air fans and compressors.

*%* Note: Cooling tower is mechanical draft.
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Figure III-3

TYPICAL IWR NUCLEAR PLANT PROJECT SCHEDULE (HIGHLIGHTS ONLY) *

Task \Gkar

1 2 3, 4

5

6 7 8 9 10

Site Selection and Acquisition
Environmental Studies

Prepare NSSS and Fuel Specifications
Vendor Bid Preparation

Bid Evaluation and Negotiation
Contract Awards

Preliminary Design

Detailed Design

Site Clearance and Excavation
Foundations and Buildings
Containment Erection

NSSS Equipment Installation
Turbine-Generator Erection

NSSS and T-G Auxiliary Equipment
Fuel Loading

Testing

Commercial Operation

* Note: Excerpts from Reference No. 186,



SECTION 1V

INDUSTRY CATEGORIZATION

Steam electric powexrplants are characterized by many diverse aspects,
and at the same time by many similarities. Categorization of the
industry into discrete segments for the purpose of establishing effluent
limitations guidelines requires consideration of the various factors
causing both this diversity and similarity. Specific factors which
require detailed analysis in order to categorize the industry include
the processes employed, raw materials utilized, the number and size of
generating facilities, their age and 1location and their mode of
operation.

Process Considerations

There are five major unit processes involved in the generation of
electric power - the storage and handling of fuel related materials both
before and after usage, the production of high-pressure steam, the
expansion of the steam in a turbine which drives the generator, the
condensation of the steam leaving the turbine and its return to the
boiler, and the generation of electric energy from +the rotating
mechanical enerxgy. Figure 1IV-1] shows a schematic flow diagram of a
typical steam electric powerplant.

Fuel Storage and Handling

All fuels must be delivered to the plant site, stored until usage, and
the spent fuel materials stored on the premises or removed.
Fossil-fueled plants require off-loading facilities and fuel storage in
quantities based on the size of the plant and the limited reliability of
delivery. Fossil-fuels are transported to the furnace where combustion
takes place. The comkustion of fossil fuels results in gaseous products
of combustion and non-gaseous non-combustible residues called ash. A
portion of the ash is carried along with the hot gases. This portion is
referred to as fly ash. The remainder of the ash settles to the bottom
of the furnace in the combustion zone and is called bottom ash. The
amount and characteristics of each type of ash is dependent on the fuel
and the type of boiler employed. Coal produces a relatively large
amount of bottom ash. 0il produces little bottom ash but substantial
fly ash. Gas produces little ash of any type.

Coal-fired steam generators can be categorized as wet or dry bottom
according to ash characteristics. Gas-fired- and oil-fired steam
generators are generally run with dry bottoms. In one type of wet
bottom steam generatar the coal is burned in such a manner as to form a
molten slag which is collected in the bottom and is tapped off similar
to the tapping of a blast furnace. In dry bottom steam generators,
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where ash is removed hydraulically, it is customary to pump the ash
slurry to a pond or settling tank, where the water and ash are
separated. °

Many modern powerplants remove fly ash from the gaseous products of
combustion by means of electrostatic precipitators, although scrubbers
may be required in the future on plants burning fossil fuels containing
more than a minimal amount of sulfur. The removal of fly ash collected
in an electrostatic precipitator depends on the method of ultimate
disposal. If the fly ash is to be used in the manufacture of cement or
bricks or otherwise used commercially, it is generally collected dry and
handled with an air conveyor. If it is to be disposed of in an ash pond
or settling basin, it is sluiced out hydraulically.

Many of the operations involving fossil-fuels are potential sources of
water pollutants. The storage and handling of nuclear fuels in
comparison is not a continuous operation, requires 1little space, is
highly sophisticated from the standpoint of engineering precision and
attention to details, and is not considered to be a potential source of
nonradiation water pollutants.

Steam Production

The production of high-pressure steam from water involves the combustion
of fuel with air and the transfer of the heat of combustion from the hot
gases produced by the ccmbustion to the water and steam by radiation and
convection. In order to obtain the highest thermal efficiency, as much
of the heat of combustion as possible must be transferred from the gases
to the steam and the gases discharged at the lowest possible
temperature. This requires the transfer to be accomplished in a series
of steps, each designed for optimum efficiency of the overall process.
Not every boiler provides each of the steps outlined in this section,
but most of the boilers supplying steam to larger and newer. generating
units (over 200 MW and built in the last twenty years) provide these
steps as a minimum.

Feedwater is introduced into the boiler by the boiler feed pump and
first enters a series of tubes (regenerative feedwater heater) near the
point where the gases exit from the boiler. There it is heated to near
the boiling point. The water then flows to one or more drums connected
by a number of tubes. The tubes are arranged in vertical rows along the
walls of the combusticn zone of the boiler. 1In this zone, the water in
the +tubes is vaporized to saturated steam primarily by the radiant heat
of combustion. The saturated steam is then further heated to higher
temperatures primarily by convection of the hot gases in the superheater
section of the boiler. In some boilers, the steam is reheated after
passage through the initial sections of the turbine. Finally, the flue
gases are passed thrcugh a heat exchanger (air heater) in order to
transfer heat at a low temperature to the air being blown into the
boiler.
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As far as steam production is concerned, the efficiencies possible from
the conversion of the chemical energy of the fuel to electric energy
depend on the maximum steam temperatures and pressures and on the extent
of the wutilization of regeneration feedwater heaters, reheat and air
heating. For a simple cycle using saturated steam with a maximum
pressure of 6.3 MN/m2 (900 psi) expanded in the turbine to atmospheric
pressure and using exhaust steam to heat the feedwater, the total cycle
efficiency would be akout 20%. If the saturated steam is superheated to
530°C (1,000°F), the efficiency is increased by an increment of 5 to 6%.
The addition of a high-vacuum 863 Kg/m2 (2-1/2 in Hg abs) condenser and
the addition of feedwater heating will increase possible efficiencies by
an increment of 12 - 13% to about 38%. By increasing the maximum
pressure still further and reheating the steam, the efficiency can be
increased to about 45%. These are turbine cycle efficiencies and do not
reflect various losses in the boiler and auxiliary power requirements,
Indications are that these efficiencies represent the limit obtainable
from the processes presently in use. Higher efficiencies would require
higher steam pressures and temperatures would present material problems
that do not seem to be near solution. The alternate of lower terminal
temperatures is not possible since the waste heat must be rejected to
the environment under ambient conditions.

In the effort to improve the efficiency of the steam cycle, designers
have attempted to resort to higher temperatures and pressures. Maximum
turbine operating pressures increased from about 1,000 psi in the early
1930's to 5000 psi in the early 1960's. Since then, turbine design
pressures for new units have receded slightly to a maximum of 3500 psi.
Similarly, maximum operating temperatures increased from 800°F to 1200°F
for a brief period and then receded to a maximum of 1050°F, as designers
looked to .more sophisticated reheat cycles and turbine designs to
optimize plant performance.

Nuclear generators rresently in operation fall into two classes,
pressurized water reactors (PWR) and boiling water reactors (BWR). In a
PWR, water under a pressure of about 14 MN/m2 (2,000 psiqg) is heated as
it circulates past the nuclear fuel rods in a closed loop. This hot
water then exchanges heat with a secondary water system which is allowed
to vaporize to steam. In the BWR, water heated in the reactor core
under a pressure of about 7 MN/m2 (1,000 psig) is allowed to vaporize to
steam directly. Neither of these processes produce steam with

significant amounts of superheat and this limits their thermal cycle
efficiencies to about 30%.

The size or rating of boilers is in terms of thousands of pounds of
steam supplied per hour. According to the FPC the increase in boiler
capacity was rather slow until 1955, when the maximum capacity of
boilers installed began to rise from a level of about 1,500 thousand
pounds per hour to the present level of about 10,000 thousand pounds per
hour. Prior to 1950, individual boilers were kept small, in large part
because boiler outages were rather numerous, so that it was common
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design practice to provide multiple boilers and steam header systems to
supply a turbine-generator. Some plants report to the FPC that the
steam headers are connected to multiple turbine-generators. Advances in
metal technology since 1950, with associated 1lower costs of larger
units, have made it economical and reliable to have one boiler per
turbine-generator.

Steam Expansion

The conversion of the pressure energy of the steam into mechanical
energy occurs in the steam turbine. In the turbine the steam flows
through a succession of . passages made up of blades mounted on
alternately moving and plantary discs. Each set of moving and plantary
discs is called a stage. The moving discs are mounted on a rotating
shaft while the plantary discs are attached to the turbine casing. As
the steam passes from disc to disc, it gives up its energy to the
rotating blades and in the process loses pressure and increases in
volume. If the steam enters the turbine in a saturated condition, a
small portion of the steam will condense as it passes through the
turbine. One reason for superheating or reheating steam is to reduce
this condensation and the mechanical problems associated with it.

There are many different types of turbines and turbine arrangements in
use in steam electric powerplants. Almost all turbines in use in
central generating plants are of the condensing type, discharging the
steam from the last stage at below atmospheric pressure. The efficiency
of the turbine is highly sensitive to the exhaust pressure
(backpressure). A turbine designed optimally for one 1level of
backpressure will not operate as efficiently at the other 1levels of
backpressure. Some turbines designed for 863 Kg/m2 (2-1/2 in Hg abs)
backpressure cannot operate at 1730 Kg/m2 (5 in Hg abs) because of high
temperature in the last stages. In general, turbines designed for once-
through cooling systems will generally be operated at 1lower
backpressures than those designed for closed cooling systems. Moreover,
if a turbine designed for the low backgpressures corresponding to once-
through cooling system is operated instead with a closed cooling system,
an incremental decrease in turbine efficiency will result during times
when the back pressure is higher than it would have been for
once-through cooling.

In most turbine arrangements a portion of the steam leaves the casing
before the final stage. This type of turbine is called an extraction
turbine. The extracted steam is used for feedwater heating purposes.
In some turbines, a pcrtion of the steam is extracted, reheated in the
boiler, and returned tc the turbine cr to another turbine as a means of
improving overall efficiency. Many different mechanical arrangements of
high pressure and low pressure turbines on one or more shafts are
possible, and have been utilized.
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While there are no major effluents associated with the steam expansion
phase other than those resulting from housekeeping operations, the
significance of the steam expansion 1lies in its effect on plant
efficiency and therefcre on the thermal discharge. In many plants,
turbine design will ke a key factor determining the extent of the
feasibility of converting a once-through cooling system to a closed
system.

Steam Condensation

Steam electric powerplants use a condenser to maintain a low turbine
exhaust pressure by condensing the steam leaving the turbine at a
temperature corresponding to vacuum conditions, thus providing a high
cycle efficiency and recovering the condensate for return to the cycle,
Alternatively, the spent steam could be exhausted directly to the
atmosphere thus avoiding the requirement for condensers or condenser
cooling water, but with poor cycle efficiency and a requirement for
large quantities of high purity water. There are two basic types of
condensers, surface and direct contact. Nearly all powerplants use
surface condensers of the shell and tube heat exchanger type. The
condenser consists of a shell with a chamber at each end, connected by
banks of tubes. If all of the water flows through the condenser tubes
in one direction, it is called a single-pass condenser. If the water
passes through one half of the tubes in one direction and the other half
in the opposite direction, it is called a two~pass condenser. Steam
passed into the shell condenses on the outer surface of the cooled
tubes.

A single-pass condenser tends to require a larger water supply than a
two-pass condenser and will generally result in a lower temperature rise
in the cooling water. In most instances it will also produce a lower
turbine backpressure. A two-pass condenser 1is utilized where the
cooling water supply is 1limited or in a closed system where it is
desired to reduce the size of the cooling device, and improve its
efficiency by raising the temperatures of operation.

Many condensers at the more-recently built powerplants have divided
water boxes so that half the condenser can be taken out of service for
cleaning while the wunit is kept running under reduced loads. Since
cleanliness of the condenser is essential to maintaining maximum heat
transfer efficiency, it is common practice to add some type of biocide
to the cooling water to control the growth of algae or slimes in the
condenser. 1In spite cf these biocides most powerplants clean condensers
mechanically as part cf regularly scheduled maintenance procedures.

Operation of the condenser requires large quantities of cooling water.
Wherever adequate suprlies of cooling water are available, it has been
common practice to take cooling water from a natural source, pump it
through the condenser, and discharge it to the same body of water from
which it was obtained. This is known as a "once-through" system. One
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of the major considerations in siting powerplants is the availability of
an adequate source of high-quality once-through cooling water. If
sufficient water for a once-through system is not available and other
considerations prevail in determining the location of the plant, cooling
water must be recirculated within the plant. In this case some form of
cooling device, an artificial pond with or without sprays, or a cooling
tower must be provided to keep the temperature from rising above the
maximum level permissible or desirable for turbine operation. Figure
IV-2 shows a schematic flow diagram of a typical recirculating (closed)
system utilizing cooling towers. For reasons of economy closed systems
typically operate at higher temperature differentials across the
condenser than once-through systems, balancing the somewhat reduced
efficiency of the turkine against the lower quantity of cooling water
required, and therefore the smaller size and lower cost of the cooling
device. However, since nearly all cooling devices currently in use
obtain. their cooling effect from evaporation, the dissolved solids
concentration of closed cooling systems tends to increase, eventually
reaching, if uncontrclled, a point where scaling of the condenser would
interfere with heat transfer. A portion of the concentrated circulating
water must therefore be discharged continually as blowdown to remove
dissolved solids, and purer fresh water must be provided to make up for
losses due to evaporation, blowdown, 1liquid carryover (drift), and
leaks.

Flow rates of cooling water vary with the type of plant, its heat rate
and the temperature rise across the condenser. A fossil plant with a
heat rate of 10,000 KJ/7KWH (9,500 BTU per KWH) and a 6.79C (12°F) rise
across the condenser (values typical of exemplary plants in the industry
using once-through cocling systems) will require about 0.5 x 10—¢
m3/sec. (0.8 gpm) of cooling water for every KW of generating capacity.
A nuclear plant witlk a heat rate of 11,100 KJ/KWH (10,500 BTU per KWH)
and a 11°C (20°F) rise across the condenser, (typical of plants using
closed cooling systems) will require about 0.46 x 10—¢ m3/sec. (0.73
gpm) . Because of differences in thermal efficiencies, nuclear plants
under identical conditions require about 50% more cooling capacity than
comparible fossil plants.

While both once-through and closed cooling systems are currently in use
in the industry, the use of closed systems has generally been dictated
by lack of sufficient water supplies to operate a once-through system
and not generally Ly considerations of the thermal effects of the
cooling water discharge. A few plants have installed cooling devices on
their effluents to meet receiving water quality standards and a few
others have installed or are planning to install cooling devices or to
convert to closed systems in order to meet receiving water temperature
requirements.
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Generating of Electricity

The actual generation of electric energy is accomplished in a generator,
usually directly connected to the turbine. The generator consists of a
rotating element called a rotor revolving in a plantary frame called a
stator. The process ccnverts mechanical energy into electric energy at

almost 1008 of theoretical efficiency and therefore produces 1little
waste heat.

Raw Materials

General aspects of the four basic fuels in use in the industry have been
discussed in the previous section. In this section some of the
characteristics of each of the fuels will be discussed as they affect
the process and the waste effluents produced.

Coal

Coals are ranked according to their geological age which determines
their fuel value and cther characteristics. The oldest coals are the
anthracites, which oontain in excess of 92% fixed carbon. Most
anthracite lies in a limited region of eastern Pennsylvania and is not a
major factor in the nationwide generation of electric energy. Most of
the power is produced from bituminous coal (the next lower rank) which
contains between 50 and 92% fixed carbon and varies in fuel value
between 19,300 and 32,600 J/g (8,300 and 14,000 BTU per 1b). A
substantial amount of power is also produced from 1lignite containing
less than 50% carbon and having an average heating value of 15,600 J/g
(6,700 BTU per 1lb).

Three major characteristics of coal that affect its use in powerplants
are the percentages of volatile combustible matter, sulfur and ash. The
sulfur content of coal is particularly critical since air pollution
limitations restrict the emission of sulfur dioxide. The sulfur content
of U. S. coals varies from 0.2 to 7.0 percent by weight. Most of the
low sulfur coal deposits are located west of the Mississippi River. 1In
the East, a large portion of the low sulfur coal has been dedicated to
metallurgical and expcrt uses.

The ash content of cocal varies from 5 to 20% by weight. Ash can create
problems of air polluticn, slagging, abrasion and generally reduced
efficiency. One problem of substituting low sulfur coal for coal with a
higher sulfur content is that low sulfur coals tend to have higher ash
fusion temperatures, which may cause problems in boiler operation. The
--fly ash produced by 1low sulfur coal tends to have higher electrical
resistivity which reduces the efficiency of electrostatic precipitators.

Several other aspects of coal as a fuel for steam electric powerplants
should be noted. The first is the increased popularity of mine-mouth
plants, that is plants built for the purpose of wusing coal from a
specific mine and located in the immediate vicinity of that mine. Much
of the current construction of coal-fired units consists of mine~-mouth
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plants. These plants in effect trade off the cost of transporting coal
against the cost of transmitting the electrical energy generated. Their
major advantages are that in most cases that they are not located in or
near urban centers and therefore do not arouse public opposition or have
the same type of environmental impact as plants located within those
centers. Most mine-mouth plants are base-load operated and many use
cooling towers because of the absence of adequate cooling water
supplies. They compete favorably on a unit cost basis with nuclear
plants and in many instances can be constructed with a substantially
shorter lead time.

A second aspect consists of the potential impact on the industry of the
successful dJdevelopment cf a commercial-scale coal gasification process,
A number of processes are currently under development. The potential of
coal gasification lies in its ability to produce a storable product that
can be transported economically by pipeline and can be burned without
ash or sulfur problems. At the present, the estimated cost of synthetic
gas 1is still substantially higher than the cost of alternate fuels, but
upward pressures on natural gas and residual oil prices may make coal
gasification economically attractive.

Natural Gas

The use of natural gas as a fuel for generating electricity is a fairly
recent develomment, dating back to about 1930. In 1970 0.1 trillion m3
(3.9 trillion cu ft) cf natural gas were burned to generate electricity,
placing natural gas second among the fossil fuels and accounting for
almost 30% of the energy generated from fossil fuels.

The original attracticns of natural gas were its availability and its
economics, For a long time natural gas was considered almost a by-
product. At the same time, its use in utility powerplants resulted in
simpler and 1less costly fuel handling, burning facilities and a marked
reduction in ash handling and air pollution problems. However, the
availability of natural gas has declined sharply in the last few years,
and utilities are finding it increasingly difficult +to conclude 1long-
term agreements for natural gas supplied for central generating plants.
The future availability of natural gas is uncertain. Present reserves
of natural gas amount to an estimated twelve times our current annual
production, and the annual discovery of new sources is less than the
current rate of consumption.

Estimates by the FPC project a fairly stable level of natural gas
consumption by the electric utility industry over the next twenty years.
However, in view of the projected growth of the industry as a whole, the
share of the total electricity generated is expected to decrease to 8%
by 1990. This trend could be affected by several technological develop-
ments. One of these is the successful commercial application of coal
gasification. Another is an AEC program to increase the yield of
natural gas from underground formations by the underground explosion of
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nuclear devices. In the meantime, some existing plants using natural
gas as a fuel were Leing converted to oil in spite of the advantages of
natural gas in the ash and air pollution areas.

Fuel 0il

Fuel cil is presently the third most significant source of fossil fuel
for generating electricity, accounting for 15% of the total generation
in 1970. However, in the New England- Middle Atlantic area it accounted
for 82% of the thermal generation, Frprimarily as a result of the
conversion of coal-burning plants to residual fuel o0il in order to meet
air pollution standards.

Three types of fuel o0il are used in utility powerplants: crude oil,
distillate o0il, and residual oil. A key problem with the use of fuel
oil, as with the use cf coal, is the sulfur content. At the present
time, powerplants in the Northeast are burning oil containing less than
1% sulfur by weight. Domestic supplies of low sulfur crudes are quite
limited and will not be improved significantly when Alaskan oil is
available in the contiguous United States. As a result, utilities have
been highly dependent on foreign sources of supply. Major foreign
sources include Venezuela, and the Middle East. Venezuelan sources must
be, and are, desulfurized at the source, while Middle Eastern crudes are
low in sulfur in their original state.

With the future availability of petroleum products of all types in
question, it appears doubtful that the recent trend toward increased
burning of o0il in fpowerplants will continue in the future. FPC
projections (1970) indicated a slight increase in the percentage share
of 0il compared to total use of fossil fuels over the next five years,
with a 1leveling off thereafter. The price of fuel oil, which had
remained fairly constant during the early 1960's has increased in recent
years, and will possikly increase further in the future.

A possible technological development which might affect the supply of
fuel o0il is the extraction of o0il from oil shales. Certain areas of
Colorado, Utah and Wyoming contain large reserves of o0il shale, with
unfavorable economics keing the ma jor cbstruction to the development of
an oil shale industry. If crude oil prices continue to escalate and oil
supplies continue to dwindle, the development of this source may become
economically viable.

Fuel o0il use in powerplants minimizes bottom ash problems, although fly
ash can continue to be troublesome. Some fuel o0ils also contain
vanadium and may contain other unusual components which may or may not
‘'wind up in a powerplant effluent.
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Refuse

Emphasis on recycling waste products has increased interest in use of
another fuel - solid waste, Refuse and garbage are not confined to
kitchen wastes, but include a mixture of all household wastes with
commercial and industrial wastes. Large-scale inorganic industrial
wastes are generally not included. The average American domestic refuse
has many combustibles which raise its heating value to approximately 40%
of that of coal. Incineration coupled with steam generation has been
practiced for a considerable period in Europe, where household garbage
as collected is mixed, especially during the winter months, with the
ashes of household coal furnaces. Garbage is generally shredded and
most non-combustibles are removed by magnetic and centrifugal separators
before firing to the furnace. However, furnaces must still be designed
for non-combustible 1loadings. Garbage is essentially sulfur- free but
can generate moderate quantities of hydrogen chloride from the
combustion of polyvinyl chloride and other chlorinated polymers.
Because of the presence of these materials, studies must be made of the
removal of acid gases from the furnace stack gases, and the disposal of
the effluents resulting from these operations.

At the present time there is one powerplant in the United States that
burns refuse as part of its fuel. The plant has the capability of using
as much as 20% refuse with at least 80% coal, although operation to date
has been limited to 10% refuse and 90% coal. Refuse is not expected to
be a major source of fuel for the steam electric powerplant industry in
the immediate future.

Information on U.S. Generating Facilities

An inventory of operating steam electric powerplants in the United
States is presented in Appendix A of this report. The 1ist has been
divided into ten sections to conform to the ten EPA regions of the
country. The inventory shows the operating utilities by states, plants,
and their specific geographic location. It also shows the total plant
capacity in megawatts, with an indication of whether the plant is
nuclear or fossil-fueled, and a designation of plants that are under
construction. Gas combustion turbine facilities operating within
fossil-fueled generating plants have been indicated on a separate line.

The inventory shows a total of 1037 operating generating plants in the
United sStates as of January 1, 1972, consisting of 1011 fossil-fired
plants and 26 nuclear plants. A total of 59 plants were under
construction as of the date indicated. Of this total, 42 are nuclear
plants and 17 are fossil-fueled plants. Table IV-1 provides a summary
of the industry inventory by EPA region and individual states.

Figures 1IV-3 through 1IV-5 provide a cumulative frequency distribution
plot of plant size within the steam electric powerplant industry. It
can be seen from Figure IV-3 that approximately 50 percent of the plants
in the industry are 100 MW or larger, and that 25 percent of all plants
are larger than 400 MW. Figure IV-4 shows that the size distribution of
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TABLE IV-1
INDUSTRY INVENTORY SUMMARY

PLANTS UNDER

OPERATING PLANTS CONSTRUCTION __
STATE TOTRL, FOSSIL NUCLEAR FOSSIL NUCLEAR
EPA Region 1
Connecticut 16 13 3 0 0
New Hampshire 5 5 0 0 0
Rhode Island 5 5 0 0 0
Vermont 4 3 1 0 0
Maine 6 6 0 0 1
Massachusetts 29 28 1 0 1
EPA Region 2
New Jersey 18 17 1 0 1
New York 39 36 3 1 2
Puerto Rico 4 4 0 0 0
Virgin Islands 2 2 0 0 0
EPA Region 3
Delaware 5 5 0 0 0
Maryland 14 14 0 0 1
Pennsylvania 48 45 3 0 2
Virginia 15 15 0 0 2
West Virginia 12 12 0 1 0
District of Columbia 2 2 0 0 0
EPA Region 4
Alabama 10 10 0 0 3
Florida 43 43 0 0 4
Georgia 13 13 0 3 1
Kentucky 19 19 0 2 0
Mississippi 9 9 0 0 0
North Carolina 12 12 0 1 2
South Carolina 16 15 1 1 1
Tennessee 7 7 0 1 1
EPA Region 5
Illinois 45 43 2 1 3
Indiana 29 29 0 1 0
Michigan 40 38 2 2 4
Minnesota 48 45 3 0 1
Ohio 54 54 0 0 3
Wisconsin 33 31 2 0 1
EPA Region 6
Arkansas 10 10 0 0 1
Louisiana 27 27 0 1 1
New Mexico i6 16 0 0 0
Texas 91 91 0 1 0
Oklahoma 19 19 0 0 0
EPA Region 7
Iowa 37 37 0 0 1
Kansas 32 32 0 0 0
Missouri 31 31 0 0 0
Nebraska 15 15 0 0 2
EPA Region 8
Colorado 23 23 0 0 1
Montana 8 8 0 0 0
North Dakota 9 9 0 0 0
South Dakota 9 8 1 0 0
Utah 6 6 0 0 0
Wyoming 8 8 0 0 0
EPA Region 9
Arizona 12 12 0 1 0
California 39 37 2 0 2
Hawaii 7 7 0 0 0
Nevada 6 6 0 0 0
EPA Region 10
Alaska 14 13 1 0 0
Idaho 1 1 0 0 0
Oregon 6 6 0 0 0
Washington 9 9 0 0 0
TOTAL 1037 1011 26 17 42
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fossil-fueled plants roughly corresponds to the industry profile.
However, Figure 1IV-5 illustrates the 1large size of nuclear plants,
showing that 50 percent of these plants are larger than 800 MW, and that
25 percent are larger than 1500 MW.

The Federal Power Commission Form 67, "SteamElectric Plant Air and
Water Quality Control Data for the Year Ended December 31, 1969"
provides data on the capacity utilization, age, etc., of generating
units. This form must be filed annually by plants with a generating
capacity of 25 MW or greater, provided the plant is part of a system
with a total capacity of 150 MW or more. '

Size of Units

According to the Federal Power Commission (FPC) 1970 National Power
Survey, in 1930, the largest steam-electric unit in the United states
was about 200 megawatts, and the average size of all units was 20
megawatts. Over 95 percent of all .units in operation at that time had
capacities of 50 megawatts or less:; By 1955, when the swing to larger
units began to be significant, the largest unit size had increased to
about 300 megawatts, and the average size had increased to 35 megawatts,
(see Figure IV-6). There were then 31 units of 200 megawatts or larger.
By 1968, the largest unit in operation was 1,000 megawatts; there were
65 units in the 400 to 1,000 megawatt range; and the average size for
all operating units had increased to 66 megawatts. In 1970, the largest
unit in service was 1,150 megawatts; three 1,300-megawatt units were
under construction; and three additional 1,300-megawatt units were on
order. The average size of all units under construction was about 450
megawatts. As the smaller and older units are retired, the average size
of units is. expected to increase to about 160 megawatts by 1980 and 370
megawatts by 1990.

Age of Facilities

In the steam electric powerplant industry, age of generating facilities
must be discussed on the basis of units rather than on a plant basis.
Generally, the units comprising a generating plant have been installed
at different times over a period of years, so that the age of equipment
within a given plant is likely to be distributed over a range of years.
In addition, age may rlay a peculiar role in assigning a unit to a
particular type of operation as outlined below.

In general, the thermal efficiency of newly designed power generation
plants has increased as operating experience and design technology have
progressed. Early plants generated saturated steam at low pressures and
consumed large quantities of fuel to produce a unit of electrical
energy. One electrical kilowatt hour of energy is equivalent to 860 K
cals (3,413 BTU) of heat energy. Steam pressures and temperatures
increased from about 1.17 MN/m2 (170 psig) at the turn of the century to
1.72 - 1.90 MN/m2 (250:- 275 psig) and 293°9C (560°F) by World War I, and
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to 3.10 - 4.48 MN/m2 (450-640 psig) and 370-400°C (700-750°F) by 1924.
278 In 1924 and 1925 there was a surge to 8.27 MN/m2 (1,200 psig) and
370°C (700°F) and it has steadily increased since then, wuntil by 1953
pressures had reached the critical pressure of steam (22.11 MN/m2 (3,206
psia) and temperatures of 540-565°C (1,000-1,050°F) ,278 Above the
critical pressure the liquid and vapor phases are indistinguishable and
there is no need for a steam drum (separator). The economic jus-

tification of the supercritical cycle has resulted in a 1limited number
of this type of unit to date.

These changes have had the effect of reducing the amount of fuel
required to generate a kilowatt hour, as shown in Figure 1IV-7, taken
from Reference No. 292. 1In 1900 it required 2,72 Kg (6 pounds) of coal,
(41,700 K cals (75,000 BTU) to generate one KWH. Today a supercritical,
double-reheat unit of Plant no. 3927 has established an annual heat rate
of 2197 K cals/KWH (8,717 BTU/KWH). =280 This amounts to 0.318 Kg
(seven-tenths of a pound) of coal per KWH. The heat economies of the
newer facilities generally make it desirable to keep them in full-time
base-load operation. The older units with their "higher fuel consumption
are therefore generally relegated to cycling or peaking service, In
spite of this general trend, there are indications that heat rates have
been increasing since 1972 as a result of pressures to reduce capital
cost 1in relation tc fuel prices, and increasing use of air and water
pollution control equipment which-ténd to reduce generating efficiency.

A computer plot of heat rate in BTU/KWH vs unit capacity in megawatts (x
10) is shown in Figure IV-8. The plot is a print-out of data obtained
from FPC Form 67 for the year 1969. 1In the plot, data obtained from
newer plants (under 10 years old) are represented by squares, those 10-
20 years o0l1ld by triangles, and those over 20 years by X's. Similarly,
Figure IV-9 is a printout of the same information replotted with BTU/KWH
as the ordinate and unit age as the abscissa. The data from both plots
represent over 1,000 operating units, and are not conclusive, but do
show general trends. The newer plants, of larger size, generally are
more efficient. Thus the data illustrates the improvement in efficiency
achieved as the industry has progressed to newer and larger generating
facilities,

Site Characteristics

Engineering criteria require an adequate supply of cooling water,
adequacy of fuel supply, fuel delivery and handling facilities, and
proximity of load centers. These have always been important factors in
the selection of powerplant sites, 292 Traditionally, plants have been
located in or near pogpulation centers to reduce transmission costs and
satisfy the other key site factors mentioned. Table IV-2 shows a total
of 153 plants located in the 50 largest cities of the country. This
total represents approximately 15 percent of all plants in the industry,
and does not include suburban plants near the cities in question, or
urban plants in smaller population centers. Clearly, a significant
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TABLE 1V-2

URBAN STEAM ELECTRIC POWER PLANTS

2
WO bdwN - IO

57

NUMBER OF
CITY STATE POPULATION PLANTS

.New York New York 7,894,862 12
Chicago Illinois 3,369,359 4
Los Angeles California 2,809,596 4
Philadelphia Pennsylvania 1,950,098 4
Detroit Michigan 1,513,601 6
Houston Texas 1,232,802 7
Baltimore Maryland 905, 759 6
Dallas Texas 844,401 6
Washington D.C. 756,510 2
Cleveland Ohio 750,879 3
Indianapolis Indiana 744,743 3
Milwaukee Wisconsin 717,372 3
San Francisco california 715,674 2
San Diego California 697,027 3
San Antonio Texas 654,153 7
Boston Massachusetts 641,071 2
Memphis Tennessee 623,530 1
St. Louis Missouri 622,236 3
New Orleans Louisiana 593,471 4
Phoenix Arizona 581,562 1
Columbus Ohio 540,025 3
Seattle washington 530,831 2
Jacksonville Florida 528,865 3
Pittsburgh Pennsylvania 520,117 5
Denver Colorado 514,678 3
Kansas City Missouri 507,330 3
Atlanta Georgia 497,421 1
Buffalo New York 462,768 1
Cincinnati ohio 452,524 2
San Jose california 445,779 0
Minneapolis Minnesota 434,400 2
Fort Worth Texas 393,476 3
Toledo Ohio 383,818 2
Newark New Jersey 382,288 1
Portland Oregon 380,555 2
Oklahoma City Ok lahoma 368,856 2
Louisville Kentucky 361,958 4
Oakland California 361,561 1
Long Beach California 358,633 2
Omaha Nebraska 346,929 4
Miami Florida 334,859 1
Tulsa Oklahoma 330,350 1
Honolulu Hawaii 324,871 1
El Paso Texas 322,261 2
St. paul Minnesota 309,828 2
Norfolk Virginia 307,951 3
Birmingham Alabama 300,910 2
Rochester New York 296,233 3
Tampa Florida 277,767 4
Wichita Kansas 276,554 4
Total 152



number of existing plants in the steam electric generating industry are
situated in locations which interface with a reasonable percentage of
the country's population.

The trend in recent years toward larger units, combined with the advent
of commercial nuclear power generation and the institution of mine-mouth
coal-fired plants has resulted in a greater number of plants being
constructed in rural areas. Site selection for new generating
facilities is not only governed by the factors cited, but increasingly
by environmental considerations. The prevention and control of air and
water pollution is undoubtedly as important as many of the traditional
factors involved in the selection of new plant sites. Factors generally
considered in decisions on plant location include land requirements,
water supply, fuel supply and delivery, etc.

Land requirements are quite variable. For plants situated near
population centers, land cost is a prime consideration. The largest
consumers of land are the fuel storage area, ash disposal area and water
cooling ponds, lakes etc. if utilized. Since they are public utilities,
power generating plants must have sufficient fuel storage capacity to
allow uninterrupted oreration for the duration of a major transportation
strike. This means that unless the plant is very near its source of
supply, it must have a storage capability up to approximately three
month's fuel. Even mine-mouth plants must have fuel storage to allow
them to withstand a minexrs' strike.

Most steam plants require water for two main purposes - Dboiler feed
water make-up and steam condensation. The cost of preparation of the
high purity boiler feed water required by modern boilers is a function
of the purity of the source water. It is possible to use saline water
for cooling purposes, but it cannot be used in a boiler. Preparation of
boiler feed from saline water by evaporation or reverse osmosis is
generally gquite expensive. The availability of large quantities of
cooling water has traditionally affected the decisions made regarding
plant location. In areas where water is critically short, recirculation
of cooling water using cooling towers or ponds has been widely

practiced. This subject is discussed in detail in subsequent sections
of this report.

Plant location may also be influenced by energy transportation costs.
The cost of transmission of energy as electricity must be weighed
against the cost of transporting fuel. Generally, fuel availability and

economic factors will be the major considerations regarding the
relationship between fuel and plant siting.

Air Pollution Control

The methods used to control atmospheric pollution by stack gases vary.

Wiph plants burning solid fuel, a particulate emission problem may
exist. The usual control system is the electrostatic precipitator.
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Finely divided solid particles suspended in a gas stream will accept an
electrostatic charge when they pass through an electrical field. If
they are then passed between two oppositely charged plates, they are
attracted to one of the plates, depending on the polarity of the
charges., On the plates they agglomerate and may be removed by rapping
the plates. This operation is wusually carried out at temperatures
between 121° and 177°C (250-350°F). Finely divided solids may also be
removed from the vent gases by wusing bag filters or by intimately
contacting them with water in a venturi scrubber or similiar device.

Sulfur dioxide in stack gases can present another air pollution problem.
This, of course, is most easily controlled by firing low sulfur fuel,
which is a relatively costly procedure. Many alternatives have been
proposed to remove the S02, and several are being tried on a commercial
scale. Most involve neutralization of the acid S02 .with alkaline
. materials such as soda ash, lime, limestone, magnesia or dolomite, and
ammonia. The processes developed to date consist of both once-through
and recycle systems. A detailed analysis of air pollution control
systems which produce a liquid waste stream is presented in another
section of this report.

Mode of Operation (Utilization)

The need for considering a subcategorization of the industry based on
utilization arises because of the costs and economics associated with
the installation of supplemental cooling facilities. The unit cost
increment (mills/KWh) required to amortize the capital costs of the
cooling system is dependent on the remaining Kwh's that individual units
will generate. The remaining generation 1is a function of both the
manner in which the individual unit is utilized and the number of years
that the unit will cperate prior to retirement. These two factors are
not fully independent variables. In general, utilities will employ
their most efficient, usually newest equipment most intensively. This
equipment will also generally have the longest remaining useful 1life.
The cost of installing supplemental cooling water egquipment for these
units relative to the remaining generation will therefore be relatively
low. Therefore, these more modern, high-utilized units, which also
would reject relatively large amounts of the waste heat, are better able
to carry the costs associated with thermal effluent control.

Less efficient, usually clder equipment will be utilized to a 1lesser
degree to meet daily and seasonal peak loads., This lower annual
utilization is compounded by the fact that this equipment has relatively
fewer remaining years of service prior to retirement. Therefore, the
cost of amortizing surplemental cooling equipment for these units will
be substantially higher than for the newer, more highly utilized wunits.
Because of their low utilization, these units will reject considerably
less heat per unit of capacity than the newer equipment. Also, because
of the higher costs associated with this equipment, utilities might
consider early retirement of much of this equipment rather than the
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installion of costly treatment equipment. Since these units provide an
important function as peaking or standby capacity, retirement prior to
the installation of replacement capacity would have associated
penalties.

According to the FPC National Power Survey (1970), all of the high-
pressure, high-temperature, fossil-fueled steam~electric generating
units, 500 megawatts and larger, have been designed as "base load" units
and built for continucus operation at or near full 1load. Daily or
frequent "stops" and "starts" are not consistent with their design and
construction and so-called "cycling" or part-time variable generation
was not originally comtemplated for these units. However, by the time
units having lower incremental production costs become available for
base 1load operation, it is believed that the earlier "base load" units
can be adapted and used as "intermediate" peaking units. The units
placed in service during the 1960's still have 15 or more years of base
load service ahead of them, but eventually the installation of more
economical base 1load equipment may make it desirable to convert to
peaking service those units which are suitable for such conversion.

Steam-electric peaking units, sometimes referred to as mid-range peaking
units, are designed fcr minimum capital cost and to operate at 1low
capacity factor. They are o0il- or gas-fired, with a minimum of
duplicate auxiliaries, and operate at relatively low pressures,
temperatures, and efficiencies. They are capable of quick startups and
stops and variable loading, without jeopardizing the integrity of the
facilities. Such units are economical because low capital costs and low
annual fixed charges offset low efficiency and operation at low capacity
factors. The units can, however, be operated for extended periods, if
needed, to meet emergency situations.

The first of such fossil-fueled steam-electric peaking units, a
100-megawatt, 1,450 psi, 1000°F., non-reheat, gas-fired unit, was
installed in 1960. Two earlier low capital cost fossil-fueled
steam-electric plants--a 69-megawatt, single-unit plant (1952), and a
313-megawatt, two-unit plant (1954)--were generally classified as hydro
standby; they were not straight peaking installations. The 313-megawatt
plant was later modified for base load operation.

With increasing 1loads and the accompanying need for additional peaking
capacity, at least 27 peaking units of this general type were on order
or under construction at the end of 1970. All are either oil- or
gas-fired, because the added costs of coal and ash handling facilities
for peaking units are not justified by the small fuel cost saving that
might be realized by using coal. Eight of the 27 units are in +the 250
to 350-megawatt class, fifteen in the 400-megawatt class, and four in
the 600-megawatt class, Most of the wunits are designed for stean
conditions of 1,800 psi and 950°/950°F.
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The use of the nuclear power plant in conjunction with other forms of
generation in order to grovide enerqgy to meet the daily requirements of
a power system will probably not be vastly different from the use of a
fossil-fueled plant of the same capacity. There are some differences,
however, that may affect the operation of the nuclear plant, such as
relative operating costs, refueling time, inspections,

Because an economic loading schedule for a power system will tend to
favor operation of units with the lowest incremental production cost,
the capacity factor of a nuclear fueled plant is expected to be
relatively high when it is added to a system consisting of fossil-fueled
plants. However, when newer, more efficient nuclear plants are added to
the system, which can operate with even lower production costs, the
first nuclear plants will begin to have decreasing capacity factors.
Most of the plants that have been ordered during the past three years
will probably have annual capacity factors of 80 percent or better for a
period of ten to fifteen years, depending on the operating requirements
and makeup of the system. The acceptance of the breeder reactor will
introduce another factor in the economic evaluation of 1light water
reactor operation as the water reactors produce the plutonium utilized
so efficiently by the breeder. Ultimately, however, the water reactors
may become the marginal operating plants on a utility's system.

The 1limited operating experience to date with the comparatively small
nuclear plants indicates that they are able to handle 1load swings
without difficulty. It is expected that the larger units now on order
will perform similarly, but it may develop that they will not be
amenable to load regulation. In the event, fossil units, pumped-stroage
units, conventional hydro units, or other types of peaking units will be
installed to carry peak load with nuclear units being maintained at base
load for substantially all of their useful lives. If nuclear units are
to be utilized with very low annual capacity factors, substantial
research and engineering effort must go into the determination of core
designs to economically accomplish this type of operation. ‘

Base~-load units are responsible for the bulk of the thermal discharges,
will continue to orerate for many more years, and are able to support
the required technology with relatively small increases in the bus-bar
cost of power. The balance of the steam-electric power generation
inventory is made up of older equipment, which reject considerably less
heat and for which the cost of installing control and treatment
technology would be considerably higher relative to the effluent
reduction benefits oktained. It is understood that considerable
abatement will take place in time in this older portion of the inventory
due to normal attriticn.

Traditionally, the power industry has employed two categories for
generating equipment. Units ‘that are continuously connected to load,
with the exception of scheduled and unscheduled maintenance periods have
been termed Lase-loaded units. Units which are operated to meet
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seasonal peak loads have been termed peaking units. Daily load swings
have usually been met by modulation of the base-loaded units. More
recently, the increased cycle sophistication built into the newer base-
loaded equipment has made them less efficient in accommodating large
daily load swings. Therefore, a third type of capacity called cyclic or
intermediate generation unit has come into general acceptance within the
industry. This third type of unit is usually a downgraded base-loaded
unit which can be adarted to the intermittent operation with fairly
rapid load swings.

The progression of individual units of capacity through the three types
of duty assignments generally follows the sequence given below:

1. New steam electric capacity has historically keen added as base-
load units. BAll but a few existing stéam electric generating units were
at one time base-loaded units. Beginning in the middle 1960's some new
peaking units, both steam electric and gas turbine types have been
constructed. More recently (late 1960's early 1970's) several units of
the combined (gas turkine/steam turbine) cycle design have been designed
specifically for cyclic or intermittent duty. The aggregate existing
capacity of units originally built for peaking or cyclic service is
considerably less than 1% of the total steam electric inventory.

2. Cycling capacity and peaking capacity has keen obtained by
downgrading the older 1less efficient base-loaded equipment as more
efficient replacement capacity has been built. The manner in which a
unit is downgraded derends upon the needs of the individual utility and
the requirements of its system load curve. Toward the end of its useful
life, the unit may be held in standby duty to be used only in the event
of an outage to the other units.

3. Units have been retired from the bottom level of utilization.
Therefore, retirements of steam electric capacity have generally been
made from the peaking inventory. While the annual retirement of steanm
electric powerplant capacity have been significantly less than 1% of the
total capacity, this amount constitutes a significant portion of the
present peaking inventory.

The typical utility makes duty assignments by comparing the capability
of its availakle generating units against the requirements of its systen
load curve. Efficient system operation dictates that the most efficient
equipment be operated continuously. These are the base-loaded units.
In descending order, the less efficient equipment is assigned lower
utilization duty to meet daily and seasonal variations in the load
curve. The process of matching capacity to load is different for each
utility. The system load curve will be different for each utility as
will the capability of its individual generating units.

Large systems will have sufficient diversity of load which will dampen
extreme peaks and valleys in the characteristic load curve. They will
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also have multiple units serving each of the load segments and
considerable flexibility in making duty assignments. Individual large
industrial loads may dcminate the system load curve for smaller
utilities and highs and 1lows of load may be more exaggerated. Duty
assignments for smaller systems will be more constrained by the lack of
multiple units and single units may be found which service all three
load segments. Duty assignments are also influenced by the needs of the
regional power grid in which most utilities participate through a series
of agreements governing interconnections.

The diversity in both load and available capacity complicates the
process of establishirg concrete 1limits between the three types of
generating equipment. The following bases of establishing definitions
of base-load, cyclic and peaking units have been considered.

1. Qualitative descriptions of the three types of operation.
2. Annual hours cf operation.

3. Plant index numbers such as 1load factor, capacity factor,
utilization factor, etc.

The relative merits of definitions based on these systems are discussed
below. The ideal definition should ke relatively easy to employ, allow
effective separation of the three types of generation, and be understood
and accepted.

Definitions Based on Qualitative Description of +the Three Types of
Generation

This would rely on a description of the three types of generation as the
basis of separation. Suggested deéfinitions of the three types of
generation are as follows:

A base-loaded unit is one which is continuously connected to load except
for reriods of scheduled or unscheduled maintenance.

A cycling unit is one which services daily load variations above the
base-l1o0ad. This tyre of unit is tyrically connected to load some 250
days per year for a typical period of about 12 hours. When not
connected to load the boiler is kept warm to allow rapid return to the
system.

A peaking unit is one which is operated to meet seasonal peak loads
only. During periods of operation the unit is held in standby or is
shut down.

This type of classification system would require a designation by the

utilities as to which units are in each group. This could be validated
by EPA's field representatives. These definitions would probably be
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generally accepted Ly the industry. The base-loaded units could be
identified on the basis of these definitions. Some disagreement would
be expected concerning the differentiation between cycling and peaking
units under these definitions,

Definitions Based on Annual Hours of Operation

It is clear that a kasic difference between the three types of
generation is the amount of time that the different units operate.

Reference 292, Part II suggests that steam peaking units are designed to
operate 1less than 2,000 hours per year. Reference 256 indicates that
base~-load units operate in excess of 6,000 hours per year. Units which
operate between these two limits would be defined as cycling units. The
hours of operation referred to in this system are hours that the unit is
connected to 1load. Hours of boiler operation are not satisfactory.
There is considerable difference in hours of boiler operation and hours
connected to load for cycling and peaking units. Hours of condenser
operation could be used as a substitute since it is equivalent to hours
connected +to load. See Table IV-3 for the heat rate, service life, and
capacity factors characteristic of wunits within the above groupings
based on hours of operation.

Historical records cf annual hours of operation are required to employ
this sytem. There will be instances where base-loaded units will have
been operated 1less than 6,000 hours per year because of extended
maintenance requirements. On the other hand there will ke cases of
stretching out the operating schedules of peaking and cycling units
because of capacity shortage in particular systems. This system does
have the advantage of a basic simplicity in discriminating between the
different categories c¢f generation.

Definitions on the Basis of Unit Indices

This would require relating the utilization of a unit to indices of its
performance. Several of these indices are described below.

Load Factor

Load factor is the ratio of the average demand for power (kilowatts)
over a designated period to the maximum demand for power occurring in
that period. The average demand is the total (kilowatt hours) for the
period divided by the total time span (hours). For example, in the
twelve months ended December 31, 1971, the electric energy generated and
purchased less sales to  other electric wutilities amounted to
35,720,253,101 KWHRS. The one-hour net maximum demand was 7,719,000 KW.
The average hourly demand was, consequently, 35,720,253,101 /7 8760 =
4,078,000 KW. The annual system load factor is, therefore, 4,078,000 /
7,719,000 = 0.528 oxr 52.8%. The load factor may be regarded as
providing some measure of the variation of demand during a given period.
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Table IV=3

CHARACTERISTICS OF UNITS BASED ON ANNUAL

HOURS OF OPERATION

Annual Hours of

Heat Rate, Btu/kwhr

Remaining Service¥ yr

Capacity Factor

Operation Min, Mean Max. Min, Mean Max, Min., Mean Max.
0 - 2000 8727 15793 27315 1 11 26 .01 .07 .17

2000 - 6000 8735 12493 27748 1 15 26 .03 .35 .71

6000 - 8760 8706 10636 26741 1 19 32 «15 467 1,12

* Note: Based on a total service life of 36 years,




Thus, if the load factor is 100% over a period of 24 hours, we at once
know that the demand has been maintained constant for the duration of
the period.

Operating Load Factor

If the maximum demand varies from day to day, then the operating 1load
factor is the ratio of the average demand to the average value of the
maximum demands for the period. For example, the daily maximum demands
for a ten-day period and the corresponding KWHRS are as follows:

Maximum Demand Kilowatt Hours
Day Kw Per day
1 1,000 19, 200
2 950 13,700
3 800 14, 400
4 980 9,700
5 700 10,900
6 850 18,000
7 500 7,000
8 750 10,000
9 820 9, 100
10 300 12,000
Totals 8,250 124,000
Maximum Demand 1,000 KW
Average Maximum Demand = 8,250 / 10 = 825 KW
Average Demand = 124,000 7/ (10 x 24) = 517 KW
Load Factor = (517 7 1000) x 100 = 51.7%
Operating Load Factor = (517 / 825) x 100 = 62.6%

Thus the operating load factor takes into account the variation of the
daily maximum demand.

Capacity Factor

Capacity factor defines the relaticn between energy output over a given
time span and the capacity for energy rroduction over the same time
span, and normally prcvides measure of the utilization of the generating
equipment relative to investment. This factor is also a ratio of the
average load to the total rating of the installed generating equipment
for a given period. For example, in the twelve months ended December
31, 1970, one unit generated 4,465,175,600 KWHRS (exclusive of gas
turbine generation). The maximum wunit capacity (winter rating) was
878,000 KW. The average hourly load was 4,465,175,600 / 8760 = 509,72
KW. Th; annual capacity factor is therefore, 509,723 / 878,000 = 0.5806
or 58.1%.
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Operating Capacity Factor

Although a plant may have installed equipment of a certain amount of
generating capacity, cnly part of this may be in actual operation for
the given period. Surpose for a certain generating plant the capacity
of the installed equipment is 770,000 KW and for some particular month
only 600,000 KW of boiler capacity is actually operating. This means
that the maximum demand that can be imposed on the plant is 1limited to
600,000 KWw. The operating capacity factor for the month would then be
in the ratio of the average demand for power to 600,000 KW, the maximum
capacity utilized. This factor therefore, determines the relation
between average output and the peak demand for power which the plant is
prepared to meet.

Use Factor

This term 1is generally used in connection with the performance of
turbo-generators., It is the ratio of the actual energy output of a
machine during a certain period to the energy generation which could
have been obtained during the actual operating hours in that period by
operating the machine at rated capacity. A turbo-generator operating
for 7,000 hours generated 350,000,000 KWHRS. The rated capacity of the

unit 1is 100,000 KW. The use factor was 350,000,000 / (100,000 x 7,000)
= 0.5 or 50%.

Section 304 (b) of the Act requires the Administrator to take into
account, in determining the applicable control measures and practices,
the total cost of application of technology in relation to the effluent
reduction benefits to be achieved from such application. Among the
above factors, the caracity factor alone would determine, for otherwise
similar circumstances, the incremental capital cost associated with the
application of pollution control technology in relation to the effluent
reduction benefits +to be achieved. Similarily, the capacity factor
could determine, in relation to the effluent reduction benefits, the
incremental production cost and the incremental reduction in reserve
margin due to lost generating capacity.

The 1970 National Power Survey by the Federal Power Commission (FPC)
describes Dbase-load, intermediate, and peaking units as follows. Base-
load units are designed to run more or 1less continuously near full
capacity, except for periodic maintenance shutdowns. Peaking units are
designed to supply electricity principally during times of maximum
system demand and characteristically run only a few hours a day. Units
used for intermediate service between the extremes of base-load and
peaking service must be able to respond readily to swings in systems
demand, or cycling. Units used for base-load service rproduce 60
percent, or more, c¢f their intended maximum output during any given
year, i.e., 60 percent, or more, capacity factor; peaking wunits less
than 20 percent; andé cycling units 20 to 60 percent. The FPC Form 67,
which must be submitted annually by all steam electric plants (except
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small plants or plants in small systems) reports anmual boiler capacity
factors fo; each boiler. The boiler capacity factor is indicative of
the gross generation of the associated generating unit.

Categorization

The Act requires, for the purposes of assessment of the best practicable
control  technology currently available, that the toal cost of
application of technology in relation to the effluent reduction benefits
to be achieved from such application be considered. Other factors to be
considered are the age of equipment and facilities involved, the process
employed, the engineering aspects of the application of various types of
control techniques, fprocess changes, nonwater gquality environmental
impact (including energy requirements) and other factors as deemed
appropriate. For best available technology economically achievable the
Act substitutes "cost of achieving such effluent reduction" for "total
cost ... in relation to effluent reducticn benefits..." For new source
standards which reflect the greatest degree of effluent reduction
achievable through the application of the best available demonstrated
control technology, processes, operating methods, or other alternatives,
the Act requires only the consideration of the cost of achieving such
effluent reduction and any nonwater quality environmental impact anc
energy requirements.

There are +two radically different types of waste produced by steam
electric powerplants. The first type consists of the essentially
chemical wastes which originate from different processes and operations
within a plant. These wastes are highly variable from plant to plant,
depending on fuel, raw water quality, processes used in the plant and
other factors. Some waste streams are not directly related +to in-
dividual generating units but result from auxiliary process systems such
as water treatment, ash disposal, housekeeping operations, and air
pollution control. However, all of these waste streams are at least in
a qualitive way comparable to waste streams produced by other
manufacturing operations.

The second type of waste consists of the waste heat produced by the
plant and disposed to the environment through the cooling water system.
As previously indicated, waste heat is an integral part of the process
of producing electric energy. As long as electric energy is produced by
the wuse of thermal energy from fuels to produce steam, waste heat will
be produced, and will ultimately have to be dissipated to the

environment. Under present day technology, the atmosphere is the final
recipient for this heat, but water is generally used as an intermediate
recipient. The choices available in the control of thermal discharges

therefore in most cases are limited to accelerating the transfer of the
waste heat from water to the atmosphere. There is no available means of
significantly reducing the waste heat itself,
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Furthermore, while the technology for -affecting this transfer 1is
available, its application is dependent on many factors not directly
associated with the production process. The effectiveness of heat
transfer devices is tc scme degree governed by atmospheric conditions.
The achievement of any specific level of reduction does not follow the
type of cost - effectiveness curve associated with the removal of more
conventional pollutions.

The basic categorization in this report therefore is to separate
consideration of the chemical wastes from the effects of thermal
discharges. Within the chemical waste category, each plant is
considered as a whole and sub-elements have been established according
to the type of wastes produced by each plant. In the consideration of
thermal discharges, each generating unit is considered separately.

Chemical Wastes

The origin and character of chemical wastes within a powerplant is
dependent upon the factors indicated above. Plants utilizing different
fuels will produce different wastes to the degree that certain waste
streams are completely absent in plants employing one type of fuel.
Coal pile runoff is not a problem in oil-fired plants, and similarly ash
sluicing is not necessary in gas-fired plants. Nuclear plants have
closed waste systems to contain any waste which is, or may be,
radioactive. These wastes are handled in a manner prescribed by the
Atomic Energy Commission, and are not relevant to the categorization of
the industry for the purposes of this project. As a result, many of the
waste streams present in fossil-fired plants are not normally present,
or of concern in a nuclear plant.

Another factor, such as raw water quality, will determine the type of
water treatment employed within a specific plant, and in turn the wastes
produced from water treatment processes. Although these wastes are
extremely variable, depending ugon the treatment employed
(clarification, softening, ion exchange, evaporation, etc), they are
wastes which are common to all powerplants regardless of fuel or other
factors. Other waste streams depend uron the specific characteristics
of the particular plant in question.

As a result, the industry has been categorized for chemical waste
characteristics by individual waste sources. The basis of evaluation of
plants in the industry will be a combination of the appropriate waste
sources for a particular powerplant. Guidelines will be established for
each waste source, an¢ can then be applied and utilized in the manner of
a building-block concept. Waste streams may be combined, and in many
cases this would have obvious advantages, and the appropriate guidelines
would then also be combined for application to the new waste stream.
Subcategories have been based on distinguishing factors within groups of
plants., Table IV-4 rprovides the informal categorization for the
purposes of the development of effluent 1limitations guidelines and
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TABLE Iv-4
CHEMICAL WASTE CATEGORIES

I. Condenser Cooling System
A. Once-through
B. Recirculating

L[I. Water Treatment
A. Clarification
B. Softening
C. Ion Exchange
D. Evaporator
E. Filtration
F. Other Treatment

Irl. Boiler or PWR Steam Generator
A. Blowdown

Iv. Maintenance Cleaning
A. Boiler or PWR Steam Generator Tubes
B. Boiler Fireside
C. Air Preheater
D. Misc. Small Equipment
E. Stack
F. Cooling Tower Basin

V. Ash Handling
A. Oil-Fired Plants
1. fly ash
2. bottom ash
B. Coal-Fired Plants
1. £1ly ash
2. bottom ash

VI. Drainage
A. Coal Pile
Be. Contaminated Floor and Yard Drains

VII. Air Pollution Control Devices
A, SO02 Removal

VIII. Miscellaneous Waste Streams
A. Sanitary Wastes
B. Plant Laboratory and Sampling Systems
C. Intake Screen Backwash
D. Closed Cooling Water Systems
E. Low-Level Rad Wastes
F. Construction Activity
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standards for chemical wastes, and Table IV-5 shows the applicability of
the categories to frlants utilizing the four basic fuels for producing
electricity.

Thermal Discharge Characteristics

The most obvious factor influencing the rejection of waste heat to
navigable waterbodies is the type of condenser cooling system utilized
within a plant. Powerplants which recycle cooling water through a
cooling device only affect the receiving water by way of the relatively
small blowdown stream from the cooling tower, pond, etc. On the other
hand, plants operating with once-through cooling systems are primarily
responsible for the discharge of waste heat to receiving waters.
consequently, the basic subcategorization for thermal discharge
characteristics divides the generating units by type of cooling system
utilized, into plants having recirculating cooling systems, or once-
through cooling systers.

As indicated above, the primary factor in consideration of waste heat
rejection is the generating unit in question. Therefore,
subcategorization of cnce-through cooling systems has been made on a
unit, rather than a gplant basis. The evaluation of generating units to
further sub-divide the industry considered in detail the various factors
described in this section of the report; namely, fuel, size, age, and
site characteristics and mode of operation utilized. The evaluation of
these factors will be described below to provide the rationale for the
subcategorization developed.

The consideration of fuel as a factor in waste heat rejection from a
powerplant essentially focuses on the differences between present
nuclear and fossil-fueled units. In general, the inherent
characteristics of a light water nuclear unit make it less efficient
than fossil-fired units. This difference in efficiency results in the
rejection of more waste heat to receiving waters from nuclear units than
from comparable fossil units. Subsequent sections of the report will
discuss the technical factors which cause this difference.

Nuclear units generally have basic .similarities with regard to age,
size, location and utilization which also tend to differentiate them
from fossil-fueled units. Nuclear units can be generally classified as
being relatively new, relatively large, located in rural or semi-rural
areas, and operated as base-load facilities.

These factors are extrémely variable when applied to fossil-fueled units
on a broad basis. Also, the thermal waste characteristics of units
burning different fossil fuels indicate that there is no basis for
distinguishing between fossil fuels for the thermal categorization of
the industry. cConsequently, the basic subcategorization of once-through
cooling systems divides the industry between nuclear and fossil-fueled
units.
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TABLE IV-5
APPLICABILITY OF CHEMICAL WASTE CATEGORIES
BY TYPE OF FUEL

Process_or Operation Nuclear _cCoal Oil_ _Gas
I. Condenser Cooling System
A. Once-through X X X X
B. Recirculating X X X X
II. Water Treatment
A, Clarification X X X X
B. Softening X X X X
c. Ion Exchange X X X X
D. Evaporator X X X X
E. Filtration X X X X
F. Other Treatment X X X X
III. Boiler or Generator Blowdown X X X X
1V, Maintenance Cleaning
A. Boiler or Generator Tubes X X X X
B. Boiler Fireside X X X
C. Air Preheater X X X
D. Misc. Small Egquipment X X X
E. Stack X X
F. Cooling Tower Basin X X X X
V. Ash
A. Bottom Ash X
B. Fly Ash X X
VI, Drainage
A. Coal Pile X
B. Floor and Yard Drains X X X
VII. Air Pollution (S0O2) Control Devices X X
VIII. Miscellaneous
A. Sanitary Wastes X X X X
B. Plant Laboratory and
Sampling Streams X X X X
C. Intake Screen Backwash X X X X
D. Closed Cooling Water Systems X X X X
E. Low-Level Rad Wastes X
F. Construction Activity X X X X
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A major factor of concern with regard to fossil-fueled generating
facilities is the utilization of individual units. An earlier portion
of this section of the report described the relationship of this factor
with age and with efficiency or heat rate of a generating unit. In
addition to this aspect of utilization, another point of concern is the
relationship between utilization and the cost of installing facilities
to treat waste heat. Utilization is significant in economic analysis,
as it provides the operating time against which capital costs may be
applied. Furthermore, utilization reflects the effluent heat reduction
benefit to be achieved by the application of control technology. As
defined earlier, the utilization aspect of power generation is defined
by peaking, cycling and base load generating facilities. Peaking units
are defined as facilities which have annual capacity factors less than
0.20, while cycling units have annual capacity factors between 0.20 and
0.60 and base-load units have annual capacity factors in excess of 0.60.

some difficulty could be encountered, for the purpose of effluent
limitations, in determining the level of utilization that a generating
unit will achieve in the years to come. It is known, however, that all
of the nuclear steam-electric generating units and all of the
high-pressure, high-temperature, fossil-fueled units 500 megawatts (MW)

and larger have been designed as base-load units. Almost all nuclear
units are 500 MW and larger. :

All of these units presently operating were placed into service since
1960 (excepting only one small nuclear unit initially operated in 1957).
The units placed in service during the 1960's had 15 or more years of
base-load service ahead of them as of 1970, and would thus have 8 or
more years of base-load life as of 1977.

A further difficulty that could be encountered in determining the level
of utilization of a generating unit relates to the fact that the only
official record of the utilization of individual generating units is the
Form 67 “"Steam-Electric Plant Air and Water Quality Control Data", which
must be filed annually with the Federal Power Commission. Utilities are
required to report the capacity and average annual capacity factor
(level of wutilization) for each boiler, but not the turbine-generator.
Furthermore, prior to 1950, individual boilers were kept small, in large
part because boiler outages were rather numerous, so that it was common
design practice to provide multiple boilers and steam header systems to
supply a turbine-generator. Some stations have the headers connected to
multiple turbine-generators. Hence, the problem could arise in these
cases as to what comprises a generating unit (boiler(s) plus
turbine-generator) and what is its level of utilization. Furthermore,
the problem of applying a closed-loop cooling system could be more
difficult where multiple boilers supply single or multiple
turbine-generators due to the physical and operating problems arising
from the multiple connections involved.

73



However, advances in metal technology since 1950, with associated lower
costs of larger units, have made it economical and reliable to have ong
boiler per turbine-generator. The trend to the larger, one boiler per
turbine-generator units began to be significant when the first 300 my
unit was placed into service in 1955. From 1930 wuntil that time the
largest steam electric unit in the U.S. was about 200 MW. Hence, for
units 300 MW and larger, the unit itself and its 1level of wutilizatiop
are clearly defined and the physical and operating problems associateq
with a closed-loop cooling system and arising from the multiple
connections involved are not encountered.

Age was identified in the Act as a factor to be taken into account jij
the establishment of effluent 1limitation guidelines and performance
standards. As indicated above, the interrelationship between age,
utilization and efficiency, has generally been well documented in the
steam electric generating industry. Age is also important because the
remaining life of equipment provides the basis for the economic write-
off of capital investment. Consequently, age is of significance in
subcategorizing steam electric generating units not only for technical
reasons, but also for economic considerations.

Federal Power Commission depreciation practices indicate the estimated
average service life of equipment for steam elecelectric production to
be 36 years 87, Figure 1IV-7, which shows the improvement of efficiency
in the generation of electricity since 1920, indicates a sudden dip in
the curve in approximately 1949, or 24 years ago. Based on this process
factor and the anticipated service life of equipment, it was decided to
subcategorize fossil-fueled units by age, with 6 (six-year)
subcategories defining the range of age with regard to generating units.

Site characteristics were considered as a possibility  for
subcategorization of the industry for thermal discharges. The basic
consideration involving location related to the situation of a plant
with regard to its cooling water source (ocean, river, estuary, lake,
etc.). However, categorization along these 1lines would in reality
violate the intent of the Act, which stresses national uniformity of
application and 1is technology oriented. The control and treatment of
waste heat is essentially an internal matter within a powerplant.
Absolute location will influence the cost of such control and treatment,
but will not generally determine its feasibility. This type of location
factor is primarily related to environmental considerations, which are
taken into account under Section 316 of the Act. Consequently, it was
decided not to establish any subcategories for thermal waste
characteristics based on location.

Size was another factor which conceivably could torm the basis for
thermal waste subcategorization of the steam electric powerplant
industry. Among thcse technical and economic factors considered
relative to the size of a unit were availability and degree of
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practicability of control and treatment technology, and unit costs of
control and treatment technology with relation to other generating
costs. The primary basis for a size subcategorization would be the
precedent established by the Federal Power Commission with regard to the
requirements for Filing Form 67, "Steam Electric Plant Air and Water
Quality Control Data". The FPC does not require filing of this form by
powerplants smaller than 25 megawatts, or plants larger than 25
megawatts which do not belong to a utility system with a capacity equal
to, or greater than 150 megawatts. Size subcategorization based on this
precedent was seriously considered, because the form in gquestion

outlines the environmental details of each powerplant required to
respond.

However, investigation indicated that the exclusion of smaller units was
based primarily on procedural considerations rather than technical
factors. There is no significant technical factor which suggests
division of the industry on the same basis as established by the FPC.
In addition, other subcategories based on size were also considered.
However, no technical or economic bases were found to justify
subcategorization by size of unit or plant. It was therefore decided
not to establish formal subcategories on the basis of size of facility.

As a result of evaluation of the factors outlined above, informal
categorization for the purposes of the development of effluent
limitations guidelines and standards for heat includes a division
between nuclear and fossil units and further division of fossil units
based on utilization, all followed by age considerations (six groups
covering the span of 36 years).

Summarg

In summary, the most significant of the basic components of all steam
electric powerplants which relate to waste water characteristics are the
fuel storage and handling facilities, water treatment equipment, boiler,
condenser, and auxiliary facilities. Steam electric powerplants
(plants) are comprised of one or more generating units. A generating
unit consists of a discrete boiler, turbine-generator and condenser
system. Fuel storage and handling facilities, water treatment
equipment, electrical transmission facilities, and auxiliary components
may be a part of a discrete generating unit or may service more than one
generating unit. The characteristic quantity and intensity of the waste
heat transferred in the condenser from the expended steam to the cooling
water is related to the combined characteristics of the plant components
that are its source.

‘The general subcategorization rationale is summarized in Table IV-6 the
subcategorization rationale for heat is summarized in Table IV-7 and the
subcategorization rationale for pollutants other than heat is summarized
in Table IV-8.
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Table IV-6

GENERAL SUBCATEGORIZATION RATIONALE

Subcategorization for heat is approached separately
from subcategorization for other pollutants because:

o Control and treatment technology for heat relate
primarily to the characteristics of generating units,
while nonthermal control and treatment technologies
relate primarily to characteristics of stations.

Control and treatment technologies are dissimilar; and

The costs of thermal control and treatment technology
are much greater than nonthermal control and treatment

technologies.
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Table IV=7

SUBCATEGORIZATION RATIONALE FOR POLLUTANTS OTHER THAN HEAT

Characteristic Need for Sub- Rationale
of Plant categorization
Utilization (base=load, No Costs versus effluent reduction benefits
cyclic, or peaking) vary significantly but are small in all cases
Age No Costs versus effluent reduction benefits
vary significantly but are small in all cases
Yes Certain technologies are practicable for new
sources but not for others
Fuel No Effects on costs versus effluent reduction
benefits are not significant
Size No Costs for small plants would be significantly
greater but still relativelly small
Tand Availability No Treatment technology includes small-sized
configured equipment as well as lagoon-type
facilities
Water Consumption No Negligible consumption
Non-Water Quality Envir- No Not significant

onmental Impact (inclu-
ding energy consumption)

Process Employed

Climate

|

Yes

No

Practicability of treatment technology

is related to the volumes of waste water
treated, therefore subcategories should

be based on the specific waste water 'streams,
especially those of significant volume

Not significant except for effect on rainfall
runoff treatment costs, but costs are small
for all plants
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Table IV-8
SUBCATEGORIZATION RATIONALE FOR HEAT

Characteristic of Unit

Need for
Subcategorization

Rationale

Utilization(Base-load,
cyclic, or peaking)

Age

Fuel

Size

Process Employed

Land Availability

Water Consumption

Climate

Non-~Water Quality
Environmental Impacts
@®sSaltwater Drift

@Fogging

@Noise

@Aesthetics

Yes

Yes

Yes

Yes

No

Yes

No

No

Yes

No

NS

Coupled with age, this factor determines the
incremental cost of production versus the effluent
reduction benefits related to the thermal control
technology.

Coupled with utilization, this factor determines
the incremental cost of production versus the
effluent reduction benefits related to the thermal
control technology.

Nuclear-fueled units reject significantly more
heat to cooling water than do comparible
fossil-fueled units.

Capital is less readily available and design
engineering manpower requirements higher for

small plants and systems relative to the effluent
reduction benefits of thermal control technologies.
All significant differences already accounted

for by factors of utilization, age, fuel, and size.
Numerous units, due to urban locations, have
insufficient land available to implement the
control technology.

Where required water consumption rights can add an
incremental but insignificant cost over the cost
of water use rights otherwise required.
Variabilities are primarily cost related and

taken into account in the cost analysis

While technology is available to limit drift
to very low levels, significant impacts could
occur for units in urban areas on saltwater
bodies.

Technology is available to abate fogging in
the few cases where it might otherwise have
a significant impact.

Technology is available to abate noise in
the few cases where it might otherwise have
a significant impact.

Would only be a problem in a case-~by-case
evaluation of alternatives.




The degree of nonthermal effluent reductions that can be achieved by the
application of specific control and treatment technologies are related
to the type of source components involved, and further to water use and
quality and other considerations peculiar to individual plants. Both
unit and plant related characteristics affect the degree of
practicability of applying nonthermal waste water control and treatment
technology.

Accordingly, the general categorization scheme developed was approached
from the basis that separate subcategorizations would be constructed for
thermal characteristics and for nonthermal characteristics so that the
rationale supporting the one would not necessarily be supportive of the
other, and candidate approaches to either could be utilized or discarded
on their own merits. Numerous factors were considered as candidates for
further subcategorization and are as follows: the age of equipment and
facilities, the process employed, waste source (nonthermal
characteristics), nonwater quality environmental impact (including
energy requirements), site characteristics, size of plant, fuel
utilized, and utilizaticn characteristics of the plant, with only the
age of wunit and its utilization characteristics qualifying as further
bases for subcategorization of thermal discharges, and waste source for
nonthermal discharges.

An important footnote to the subject of industry subcategorization is
that while certain factors were nct found to qualify as candidates for
general subcategorization, some were found to be factors which in
particular cases could affect the degree of the practicability of
applying certain waste water control and treatment technologies. Those
factors which must be further considered are the following: available
land characteristics, size of the wunit, accessibility of existing
cooling system, ability of existing structures to accommodate a new
-recirculating cooling system, requirements imposed by nearby land uses
(drift, fogging, noise, structure height), climatic considerations
(wind, relative humidity), soil strengths, significance of consumptive
use of water, significance of system reliability requirements, and
characteristics of intake water (temperature, concentrations of
constituents).
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PART A
CHEMICAL WASTES
SECTION V

WASTE CHARACTERIZATION

Introduction

In this part of the study (Part A) only the nonthermal, or chemical

wastes are dealt with. Part B of the report deals with thermal
discharges.

Chemical wastes produced by a steam electric powerplant can result from
a number of operations at the site. Scme wastes are discharged more or
less continuously as long as the plant is operating. Some wastes are
produced intermittently, but on a fairly regularly scheduled basis such
as daily or weekly, but which are still associated with the production
of electrical energy. Other wastes are also produced intermittently,
but at less frequent intervals and are generally associated with either
the shutdown or startup of a boiler or generating unit. Additional
wastes exist that are essentially unrelated to production but depend on
meteorological or other factors.

Waste waters are produced relatively continously from the following
sources (where applicable): cooling water systems, ash handling
systems, wet-scrubber air pollution control systems, boiler blowdown.

Waste water is produced intermittently, on a reqular basis, by water
treatment operations which utilize a ¢leaning or regenerative step as
part of their cycle (ion exchange, filtration, clarification,
evaporation).

Waste water produced ky the maintenance cleaning of major wunits of
equipment on a scheduled basis either during maintenance shutdown or
during startup of a new unit may result from boiler cleaning (water
side), boiler cleaning (fire side), air preheater cleaning, stack
cleaning, cooling tower basin cleaning and cleaning of miscellaneous
small equipment. The efficiency of a powerplant depends largely on the
cleanliness of its heat transfer surfaces. Internal cleaning of this
equipment is wusually done by chemical means, and requires strong
chemicals to remove deposits formed on these surfaces. Actually the
cleaning is not successful unless the surfaces are cleaned to bare
metal, and this means in turn that some metal has to be dissolved in the
cleaning solution. Cleaning of other facilities is accomplished by use
of a water jet only.
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Rainfall runoff results in drainage from coal piles, floor and yard
drains, and from construction activity.

A diagram indicating sources of chemical wastes in a fossil-fueled stean
electric powerplant is shown in Figure A-V-1. A simplified flow diagram
for a nuclear plant is shown in Figure A-V-2., Heat input to the boiler
comes from the fuel. Recycled condensate water, with some pretreated
make-up water, is suprlied to the boiler for producing steam. Make-up
requirements depend upon boiler operations such as blowdown, steam soot
blowing and steam losses. The quality of this make-up water is
dependant upon raw water quality and boiler operating pressure. For
example, in boilers where operating pressure is below 2800 kw/m2 (400
psi), good quality municipal water may be used without pretreatment. On
the other hand, modermn high-pressure, high-temperature boilers need a
controlled high-quality water. The water treatment includes such
operations as lime-soda softening, clarification, ion exchangé, etc.
These water treatment ogerations produce chemical wastes. According to
the FPC234, +the principal chemical additives reported for boiler water
treatment are phosphate, caustic soda, lime and alum.

As a result of evaporation, there 1is a build-up of total dissolved
solids (IDS) in the boiler water. To maintain TDS below allowable
limits for boiler operation, a controclled amount of boiler water is
sometimes bled off (boiler blowdown).

The steam produced in the boiler is expanded in the turbine generator to
produce electricity. The spent steam proceeds to a condenser where the
heat of vaporization of the steam 1is transferred to the condenser
cooling system. The condensed steam (condensate) 1is recycled to the
boiler after pretreatment (condensate polishing) if necessary, depending
upon water quality requirements for the boiler. As a result of
condensate polishing (filtration and ion exchange) , waste water streams
are created.

In a nonrecirculating (once-through) condenser cooling system, warm
water 1is discharged without recycle after c¢ooling. The cool water
withdrawn from an ocean, lake, river, estuary or groundwater source may
generate biological growth and accumulation in the condenser thereby
reducing its efficiency. Chlorine 1is wusually added to once-through
condenser cooling systems to minimize this fouling of heat transfer
surfaces. Chlorine is therefore a parameter which must be considered
for nonrecirculating cooling water systems.

Cooling devices such as cooling towers are employed in the recirculating
cooling systems. Bleed streams (blowdown) must generally be provided to
control the build-ur of certain or all dissolved solids within the
recirculating evaporative cooling systems. These streams may also
contain chlorine and cther chemical additives. According to the FPC23¢,
the principal chemical additives reported for cooling water treatment
are phosphate, lime, alum and chlorine.

84



As a result of fossil-fuel combustion in the boiler, flue gases are
produced which are vented to the atmosphere. Depending upon the type of
fossil fuel, the flue gases carry certain amounts of entrained
particulate matter (fly ash) which are removed in mechanical dust
collectors, electrostatic precipitators or wet scrubbing devices. Thus
fly ash removal may create another waste water stream in a powerplant.

A portion of the noncombustible matter of the fuel is 1left in the
boiler. This bottom ash is usually transported as a slurry in a water
sluicing operation. This ash handling operation presents another
possible source of waste water within a rowerplant.

Depending wupon the sulfur content of the fossil fuel, SO2 scrubbing may
be carried out to remove sulfur emissions in the flue gases. Such
operations generally create 1liquid waste streams. Note that SO02
scrubbing is not required for gas-fired plants, or facilities burning
oil with a low sulfur content. Nuclear plants, of course, have no ash
or flue gas scrubbing waste streams.

As a result of combusticon processes in the boiler, residue accumulates
on the boiler sections and air preheater. To maintain efficient heat
transfer rates, these accumulated residues are removed by washing with
water. The resulting wastes represent periodic (intermittent) waste
streams.

In spite of the high quality water used in boilers, there is a build-up
of scale and corrosion products on the heat transfer surfaces over a
period of time. This build-up is usually due to condenser leaks, oxygen
leaks into the water and occasional erosion of metallic parts by boiler
water. Periodically, this scale build-up is removed by cleaning the
boiler tubes with different chemicals -~ such as acids, alkali, and
chelating compounds. These cleaning wastes, though occuring only
periodically, contain metalic species such as copper, iron, etc. which
may require treatment prior to discharge.

The build-up of scale in cooling tower basins and soot build-up in
stacks require periodic washings and these operations also give rise to
waste streams.

For coal-fired generating units, outside storage of coal at or near the
site is necessary to assure continuous fglant operation. Normally, a
supply of 90 days 1is maintained. Coal is stored either in "active"
piles or "storage" piles. As coal storage piles are normally open,
contact of «coal with air and moisture results in oxidation of metal
sulfides, present in the coal, to sulfuric acid. The precipitate
trickles or seeps thrcugh the coal. When rain falls on these piles, the
acid is washed out and eventually winds up in coal pile runoff, creating
another waste stream. Similarly, contaminated floor and yard drains are
another source of pollution within the powerplant.
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Besides these major waste streams, there are other miscellaneous waste
streams in a powerplant such as sanitary wastes, laboratory and sampling
wastes, etc, which are also shown in Figure No. A-V-1l.

In a nuclear-fueled powerplant, high gquality water is used in the steap
generating section. Cconventional water treatment operations give rise
to chemical waste streams similar to those in fossil-fueled powerplants,
Similarly, the cooling tower blowdown is another waste stream common to
both fossil-fueled and nuclear fueled powerplants. Some wastes in ;3
nuclear plant contain radioactive material. The discharge of such
wastes is strictly controlled and is beyond the scope of this project,
However, the steam generator in a PWR plant is a secondary systen,
having a blowdown and periodic cleaning wastes which are not
radioactive. Some of the disposal problems associated with low-leve]
radiation wastes from nuclear fuel powerplants are briefly described in
this report.

Data was accumulated from different sources to characterize the various
chemical wastes described above. The sources of data include:

a. Plants visits and collection of samples for analysis

b. Peéermit applications submitted by powerplants to the U. S. Army Corps
of Engineers.

Cc. Tennessee Valley Authority (TVA) reports of operating plants
d. EPA Region II - questionnaire

e. EPA Region V =~ summary of permit applications data by National
Environmental Research Center, Corvallis

f. Southwest Enerqgy sStudy - Appendices
g. U.S. Atomic Energy Commission, Environmental Impact Statements
h. In-house data at Burns and Roe, Inc.

These data are included in Appendix 2. Note that a code system is wused
for individual plant identification.

Based on these data and other industrial and governmental literature,
recommended effluent limitations guidelines proposed were developed for
chemical wastes from the following operations in steam electric
powerplants.

I. Condenser Cooling System

A. Once-through
B. Recirculating
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II. Water Treatment
A. Clarification
B. Softening
C. Ion Exchange
D. Ewvaporator
E. Filtration
F. Other Treatment

ITII. Boiler or PWR Steam Generator
A. Blowdown

IV. Maintenance Cleaning
A. Boiler or PWR Steam Generator Tubes
B. Boiler Fireside
C. Air Preheater
D. Misc. Small Eguipment
E. Stack
F. Cooling Tower Basin

V. Ash Handling
A. Oil-fired glants
1. fly ash
2. bottom ash
B. Coal-fired plants
1. f£fly ash
2. Dbottom ash

vI. Drainage
A. Coal Pile
B. Contaminated floor and yard drains

VIiII. Air Pollution Control Devices
A. S02 Removal

VIII. Miscellaneous Waste Streams
A. Sanitary Wastes
B. Plant Laboratory and Samgling Streams
C. Intake Screen Backwash
D. Closed Cooling Water Systems
E. Low~-Level Rad Wastes
F. Construction Activity

once-through Cooling Systems

The common biocides used are chlorine or hypochlorites. The amount of
chlorine dosage varies from site to site and depends upon the source of
cooling water and ambient conditions. For example, in winter the
biological growth is not as pronounced as in spring or summer.
Consequently, chlorine demand is less in winter. Normally, the chlorine
is supplied as a slug rather than by continuous injection. The
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frequency of chlorine dosage differs in .each plant, and may vary from
once a day to ten times a day. Treatment duration varies between 5
minutes and 2 hours. Chlorination results in residual chlorine
concentrations in the range of 0.1 to 1 mgr1 (ppm) . Higher
concentrations can be found in cases where higher level organisms, such
as jellyfish, or eels, tend to accumulate on condenser surfaces.

Recirculating Systems

In the operation of a closed, evaporative cooling system, the bulk of
the warm circulating water returning to the cooling tower, pond, etc. is
cooled by the evapcration of a small fraction of it. During this
evaporation only water vapor is lost, except for some net entrainment of
droplets in the air draft (drift loss), and the salts dissolved in the
remaining liquid beccme more concentrated. Most natural waters contain
calcium (Cat+), magnesium (Mg++), sodium (Na4), and other metallic ions,
and carbonate (CO03--), kicarbonate (HCO3—-), sulfate (S04--), chloride
(C1-) and other acidic ions in solution. All combinations of these ions

are possible. When the concentration of ions in any pgssible
combination exceeds the solubility limits under the existing conditions,
the corresponding salt will precipitate. Some of these salts are

characterized by reverse solubility, that is, their solubility decreases
when the temperature rises. If water saturated with such a salt leaves
the cooling tower at the cool water temperature, as the water is heated
in passing thru the condenser the solubility will decrease and the salt
will deposit as a scale on the condenser tube walls and hinder heat
transfer thru the tubes.

The formation of scale may be controlled in several ways. The most
common is to blowdown a portion of the circulating water stream and
replace that quantity with fresh water so that the circulating water
does not reach saturation at any time. Blowdown therefore is the
constant or intermittent discharge of a small portion of the circulating
water 1in a closed cooling system to prevent a buildup of high
concentrations of dissolved solids. The blowdown (B) is a function of
the available makeup (B+D+Ev) water quality and is related to
evaporation (Ev) and drift (D) in the following manner:

C= (B + Ev +D)/(B + D)

In this equation, C equals cycles of concentration, a dimensionless
number which expresses the number of times the concentration of any
constituent is multiplied from its original value in the makeup water.
(It does not represent the number of passes through the system). B, Ev,

and D are expressed in consistent units (e.g. percent of circulating
water flow rate or actual flow rate) .14+

For average makeup water quality, conventional practice sets the value

of C between 4 and 6. For extremely high quality makeup water (or
treated water) C values of 15 and above are possible. For salt or
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saline water, C wvalues as low as 1.2 to 1.5 may be required. This is
usually not a materials or operating 1limit, but rather a means of
preventing biological damage from blowdown salinity.14¢

The chemical characteristics of the recirculating water (treated or
untreated) determine the maximum C value. Table A-V-1 provides some
trules of thumb" to be used in establishing the maximum C value. Note
that the C subscript designations used in the table represent individual
constituent concentrations and should not be confused with C, cycles of
concentration used above, 144

The "Limitation"™ column in Table A-V-1 indicates the maximum value
allowed in the recirculating water for each chemical characteristic
given. The maximum C value would be established when any one of the
"Limitations" is exceeded. Note that this table provides "rule of
thumb" estimates, which may not be applicable to unique water quality
problems.144

The equation for C can be rewritten for blowdown (B):

B =.Ev-D(C-1)
c - 1

In order to minimize the total amount of makeup water and blowdown the
cooling tower should be operated at as high a C value as possible. The
following data were ccmputed using the above equation and illustrate the
effect of C on the blowdown and makeup flow rates:

C Blowdown Makeup
{cycles_of concentration) _lcfs) _{cfs)
1.2 107 128
1.5 42.8 64,2
2.0 21. 4 42.8
5.0 5.3 26.7
10.0 2.3 23.7
20.0 1.1 22.5

This takle was developed assuming an evaporation rate (Ev) of 21.4 <cfs
and a drift rate (D) cf 0.05 cfs (0.005% of 950 cfs).14s

There are several advantages to maintaining a high C value:

a. Minimizing the makeup water requirement, thus reducing the
number of organisms entrained in the cooling water.

b. Minimizing the volume of blowdown water to be discharged.

c. Reducing the size and cost of makeup and blowdown handling
facilities (i.e., pumgs, pipes, screens, etc.).14¢¢
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Table A=V~l

144
RECIRCULATING WATER QUALITY LIMITATIONS

Characteristic

Limitation

Comment

pH and Hardness

Langelier Saturation
Index = 2.5

pH and Hardness

with addition of
proprietory chemicals
for deposit control.

Langelier Saturation
Index = 1.0

Langelier Saturation
Index = pH-pHs

where

pH = measured pH

pHs = pH at saturation
with Cag03 ‘

See Figure A-V-3 for

nomograph solution.

Sulfate and Calcium

(CSO4) X (cCa) = 500,000

C = concentration of
SO4
SO4 in mg/1
CCa = concentration of
Ca in mg/1 as CaCO3

Silica

Ces = concentration of
S102
SiO2 in mg/1

Magnesium and Silica

(Cyg) * (Csmz) = 35,000

CMg = concentration of
Mg in mg/1 as CaCO3
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NOMOGRAM TO DETERMINE LANGELIER SATURATION INDEX

Figure A=-V-3

Courtesy Power Engineering
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Example: Water at 124 F has a pH
of 7.2, total solids of 400 pem, cal-
ciuir hnardness as CaCo, of 240 ppm,
and alkalinity as CaCO, of 196 ppm,
Find the Langelier saturation index,

Soiution: (1Y Join 400 pom nn tha
iefthand scale with 124 F on the tem.
perzhre eraln A interscetion with
C scale note value of 1.7, (2) Jein
240 ppm with pCa reterence point
and extend to pCa scale. Read pCa=
2.62. (3) Join 196.ppm with PALK
reference point, extend to pALK scale
and read pALK=2.40. Add the three
values:
PHs=C + pCa + pALK=6.72

.Index=pH~ pHg=7.2~6.72= + 0.48
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Values for evaporation from cooling systems average about 0.75% of
cooling water flow for every 10°F of condenser delta T for cooling
towers and approximately 508 higher for cooling ponds. This is
equivalent to a range of 15.0 to 30.0 gpm/MW for cooling towers and 22.5
to 45.0 gpm/MW for cocling ponds. Drift constitutes a relatively small
portion of the required makeup water. For new cooling towers, drift
losses can be kept as low as 0.005% of the cooling water flow for
mechanical draft towers and 0.002% for natural draft towers, Drift
losses for ponds are negligible. Estimates of the allowable blowdown
flow based on these factors can be made once the cooling water flow,
condenser delta T, and allowable concentration factors are known.

The heat content of the blowdown as a % of condenser heat rejection can
be gquite variable. The heat content of the blowdown can vary from a
fraction of 1% of the total condenser heat rejection to as high as 7 to
8% of this value. Higher rates of heat rejection in the blowdown are
due to larger blowdown flows (smaller C values) required in salt water
systems and systems that blowdown from the hot side of the systenm,
Systems that blowdown from the cold side of the cooling system should
contain no more than 1 to 2% of the condenser heat rejection.

Scale formation may be controlled by chemical means such as softening or
ion exchange to substitute more soluble ions for the scale formers, such
as Na+ substitution for Ca{+ and Mg++. Advantage may be taken of the
greater solubility of some ions. For instance SO4~— may be substituted
for CO3-— or HCO3—, as:

Ca CO3 + H2 SOu4 CasO4 + H20 + CO2(g)

Mg (HCO3) + H2SO0u

MgSO4 +2H2 +2C02(9)

In these reactions, CO2 1is released as a gas. Sulfates have a much
greater solubility than carbonates and bicarbonates, and scale formation
is reduced. Organic "sequestering™ agents are used to tie wup the
insoluble metallic icns so that they cannot combine with the carbonates
and bicarbonates to form scale. Many of these agents are proprietary
compounds and their compositions are not generally known. The use of
chemical dispersants and makeup water softening to reduce or eliminate
blowdown at certain powerplants is discussed in Reference 22.

Eventually the 1limit is reached and there must be some bleed through
drift or blowdown although its gquantity may be greatly reduced,
resulting in higher concentrations. Data obtained from the study of
fifteen plants (See Appendix 2) reveals an extremely large variation in
the parameters 1listed., Generally, the important pollutant parameters
are: total suspended solids (TsS), pH, hardness, alkalinity, total
dissolved solids and rhosphorus.

In general, condenser materials are chosen so as to resist corrosion by
the recirculating water, Consequently, chemicals are generally not
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required in the recirculating water for corrosion resistance, except in
cases where the recirculating water (because of the make-up water
quality) has high chloride concentrations chromates or other chemicals
are added as corrosion inhibitors. '

In recirculating systems, growth organisms such as algae, fungi and
slimes occur because of the warm and moist environment. Such biological
growth will affect condenser efficiencies and chlorine is commonly used
as a biocide. The chlorine dosage is usually in slugs. The residual
chlorine is generally in the range of 1 mg/liter. Higher residual
chlorine concentrations may cause corrosion problems. In cooling towers
with wood filling, sodium pentachlorophenate is sometimes added to
inhibit fungi attack on wood. The chemicals are generally added to the
cooling tower basin to ensure adequate mixing. Depending upon the
chlorine dosage frequency (one to three times a day) and sodium salt
addition, the concentration of these pollutants in the blowdown will
vary for each case.

Water Treatment

All water supplies contain varying amounts of suspended solid matter and
dissolved chemical salts. Salts are dissolved from rock and mineral
formations by water as it flows into rivers and lakes. In the boiler,
as water evaporates to steam, mineral salts deposit on metal surfaces as
scale. Scale reduces transfer of heat through the metal tubes, and if
allowed to accumulate reduces the flow area, eventually causing failure
of the tubes. To prevent scaling, water is treated for removal of
mineral salts before its use as boiler feed water.

Removal of the dissolved mineral salts can be accomplished by
evaporation, chemical precipitation or by ion exchange. Evaporation
produces a distilled-water-quality product but is not always economical
and results in a stream of brine waste. Chemical precipitation is of
limited use in the removal of dissolved solids, as the product water of
the process contains soluble quantities of mineral salt. To produce a
boiler feed water, chemical precipitation followed by evaporation is
used occasionally, but cost is not always economical.

Clarification

Chemical precipitates and naturally occurring suspended solids are very
fine and light. Clarification is a process of agglomerating the solids
and separating them from the water by settling. Suspended solids are
coagulated, made to jcin together into larger, heavier particles and
then allowed to settle. Clarified water is drawn off and filtered to
remove the last traces of turbidity. Settled solids, more commonly
called sludge, are withdrawn from the clarifier basin, continuously or
intermittently and discharged to waste. Figures A-V-4 and A-V-5 show
simplified flow diagrams for clarification and filtration processes
respectively. Surface water, in addition to dissolved impurities, may
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contain suspended matter, causing turbidity or objectionable color.
Removal of turbidity by coagulation is an electro-chemical phenomenon.
Iron and aluminum ions of positive charge form a bridge with the
negative charge of the sediments, causing an agglomeration of the
particles. Most commonly used coagulants are aluminum sulfate (alum,
filter alum, Al2(SO4)3 . 18 H20), ferrous sulfate (copperas, FeSO4 . 2
H20) , ferric sulfate (ferrifloc, Fe2 (SO4)3), and sodium aluminate (soda
alum, Na2 Al2 o04). Polyelectrolytes and other coagulant aids are
frequently used in the process.

softening

In the softening process, chemical precipitation is applied to hardness
and alkalinity. Principal chemicals used are calcium hydroxide
(hydrated lime - Ca (OH)2) and sodium carbonate (soda ash-Na2C03) .
Calcium 1is precipitated as calcium carbonate (CaCO3) and magnesium as
magnesium hydroxide (Mg (OH)2).

Chemical precipitation of calcium and magnesium can be carried out at
ambient temperatures, which is known as cold process softening, or may
be carried out at elevated temperatures, 100°C(212°F), known as hot
process softening. Hot process softening is generally employed for
boiler feed water in steam electric powerplants when steam is generated
for heating purposes as well as electric power generation. The hot
process accelerates the reactions and reduces the solubility of calcium
carbonate and magnesium hydroxide.

Since there is always some carryover of fine particles from the
clarifiers, these are generally followed by filters. Filters may
contain graded sizes of sand, anthracite coal or other filter media.
Filters are also required in case clarifiers have an upset and
precipitates are carried over into the eclear water overflow.

Ion Exchange

Ion exchange processes can be designed to remove all mineral salts in
one unit process operation. These processes produce high-quality water
suitable for boiler feed purposes. All of the mineral constituents are
removed in one process. The ion exchange material is an organic
resinous type material manufactured in granular bead form. Resin beads
contain pores that make them similiar to a sponge. The surface area 1is
electrically charged and attracts to the surface chemical ions of op-
posite charge.

Basically there are two major types of resin, cation and anion. Cation
resin attracts the positively charged ions and anion resin attracts the
negatively charged ions. When the charded sites on the resin surface
are filled with ions exchanged from the water, the resin ceases to
function and must be regenerated. (Figure A-V-6)
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The regeneration process is a three-step operation for all ion exchange
units except mixed resin units. Mixed resin units (Figure A-V-7)
contain a mixture of cation and anion resin in a single vessel. The
resin is in a mixed form during the service run and is separated during
the regeneration.

During the service run, water flow in an ion exchanger is generally
downflow through the resin bed. This downward flow of water causes a
compaction of the bed which in turn causes an increase in resistance to
flow through the bed. 1In addition, the raw water being treated always
contains some micro-size particles which collect at the top surface of
the bed and add to the resistance to flow. To alleviate this
resistance, normal water flow to the bed is stopped and direction of
flow through the bed is reversed, causing the bed to erupt, and wash the
solids out. Ion exchange beds are usually washed for a period of 10 to
15 minutes. Flow rates vary with the size of vessel and the type of
resin. The flow rate is adjusted to expand the resin bed 80 to 100% of
its settled bed depth. Flow rates of 3.4-4.1 10—3 m3/s/m2 (5-6 gallons
per minute per square foot) are typical. The second stage of
regeneration is the contacting step. Chemical solution is passed
through the bed at a ccntrolled flow rate such that resin is contacted
with the chemical solution for a certain time. Cation resins are
contacted for approximately 30 minutes while anion resins are contacted
for approximately 90 minutes. Immediately after this chemical contact,
the bed 1is given a slow rinse. The normal volume of rinse is two bed
volumes. The purpose of the rinse is to-'wash the regenerant solution
remaining in the voids of the bed after the regenerant flow is stopped.
The bed is then rinsed until effluent quality reaches de-ionized water
specification. Quantity of rinse water depends on the resin. Cation
rinse water is approximately 8.0 m3 water per m3 resin. Anion rinse
water is approximately 10.0 m3 water per m3 resin. With mixed resin
units, there are two additional steps in the regeneration process.
After rinsing, the water 1level is drained until it is just above the
settled resin bed level. Air is injected into the bottom of the vessel
causing the two stratified layers of resin to mix. After this mixing,
the vessel is filled with water and the resin bed is given a short final
rinse.

Chemical characteristic of the spent regenerant depend, on the type of
service that an ion-exchanger is performing. Cation exchange in
hydrogen cycle absorbs calcium, magnesium, potassium, and sodium ions
from the water. The cation unit is regenerated with sulfuric acid. The
acid concentration is maintained 1low to prevent calcium sulfate
precipitation. The spent regenerant solution contains the eluted ions
with excess acid.

In ‘'order for the regeneration process to proceed there must be a driving
force. The driving force is excess chemical quantity. The quantity of
acid required for regeneration, on a weight basis, is 2-4 <times the
stoichiometric exchange capacity of the resin. On a weight basis, the
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waste sulfuric acid will consist of 1/4-1/3 part mixed cations and 2/3-
374 part of excess sulfuric acid. Concentration of cations in the waste
depends on their distribution in the water supply.

Occasionally, hydrochloric acid is used for hydrogen cycle regeneration.
Hydrochloric acid yields a greater regeneration efficiency than sulfuric
acid. The cost of hydrochloric acid is generally higher than sulfuric
acid, therefore, it is used only when the economics justify it.

Anion exchange units are regenerated with sodium hydroxide. The
concentration is aprroximately U4%. The spent regenerant will contain
the eluted anions. These are sulfate, chloride, nitrate, phosphate,
alkalinity, bicarbonate, carbonate, and hydroxide. Silica in the form
of HSi03~ is also absorbed by anion exchangers and may be present in the
spent regenerant.

In high-pressure steam electric plants, condensate is deionized to
prevent dissolved salts from condenser tube leaks from entering the
boiler system, and eliminate minute quantities of iron and/or copper
formed as a result of corrosion. The condensate is then polished in
mixed resin units. The ion exchange resin is regenerated with sulfuric
acid and sodium hydroxide. Sometimes, ammonium hydroxide is used in
place of sodium hydroxide. The quantity of iron and copper found in the
spent regenerants is usually negligible.

Sodium cycle ion exchange is the ex¢hange of calcium and magnesium ions
for sodium ions. Hard water is often softened by this process, but the
content of dissolved solids is not appreciably changed. The exchange
resin is regenerated with 10% sodium chloride solution. The waste
regenerant consists of approximately 1/3 part calcium and magnesium
chloride and 2/3 part scdium chloride.

Evaporator

Evaporation 1is a process of purifying water for boiler feed by
vaporizing it with a heat source and then condensing the water vapor on
a cool surface, and collecting it externally of the evaporator unit, 1In
the process, a portion of the boiling water is drawn off as blowdown.

The evaporator consists of a vessel, usually in a horizontal position in
order to provide a large surface area for boiling. In steam electric
plants, evaporators are usually heated by a waste source of heat, such
as extraction steam from the turbine cycle. The water evaporates into
the upper surface of the vessel and is ducted to an external condenser.
In the 1lower porticn of the vessel, a pool of the boiling water is-
maintained at a constant level to keep the steam tubes immersed in
liquid. As water evaporates from the pool, the raw water salts in the
pool become concentrated. If allowed to concentrate too much, the salts
will scale the heating surfaces and the heat transfer rate diminishes.
To prevent scaling, a portion of the pool water is drawn off as
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blowdown. A simplified flow diagram of the process is shown in Figure
A-V-BI

Chemical composition of the blowdown is similar to that of the raw water
feed except that it 1is concentrated several times. The blowdown is
alkaline, with a pH in the range of 9-11. This is due to decomposition
of bicarbonate ion to carbon dioxide and carbonate ion. The carbon
dioxide is degassed from the evaporator leaving carbonate 1in solutiop
and yielding an alkaline pH. If the concentration of calcium sulfate is
high enough, it will precipitate out of solution. Some steam electric
power plants feed phosphate to the raw water feed. This phosphate re.
acts with calcium and lessens the precipitation of calcium carbonate ang
calcium sulfate.

Evaporators are usually found in older low-pressure steam electric
plants. Ultra pure water required in the modern high pressure units may
generally be obtained more economically by the ion exchange processes.

A typical powerplant may employ a combination of the different water
treatment operations described above. However, the waste streams fronm
all these water treatment operations are generally similar in pollutant
characteristics. Consequently, a description of the combined pollutants
found in the waste streams is given below.

Character of Water Treatment Wastes

Water treatment waste streams should be described by three parameters;
1) pH, 2) suspended solids concentration, and 3) concentration
parameters typical cof processes involved or toxic elements involved in
the process. Reference 21 reports waste water flows as shown 1in Table
A-V-2,

Clarification wastes consist of clarifier sludge and filter washes.
Clarifier sludge could be either alum or iron salt sludge, from
coagulant chemicals. If the clarifier is 1lime softening, then the
sludge would be a calcium carbonate-magnesium hydroxide sludge. Filter
washes would contain suspended solids either as light carry-over floc
from the clarifier or as naturally contained in unclarified raw water.
Activated carbon absorber wash would contain light suspended particles
or very fine activated carbon particles due to attrition of the carbon.

Various attempts have been made to classify clarifier sludges. Although
these vary from plant to plant, the basic characteristics are quite
similar. Alun sludge is a non-Newtonian, bulky gelatinous substance
composed of aluminium hydroxide, inorganic particles, such as clay or
sand, color colloids, micro-organisms including plankton and other
organic matter removed from water,

The major constituent in sludge from 1lime soda softening is calciunm
carbonate. Other consituents which may be present are magnesiun
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Table A-V-2

TYPICAL WATER TREATMENT WASTE
WATER FLOWS (Ref. 21)

PROCESS

RANGE OF FLOWS

gal/ 1000 1b water

treated

Clarifier blowdown

Lime-soda

Raw water filtration backwash
Feed water filter

Sodium zeolite regeneration
Cation exchange regeneration
Anion exchange regeneration
Evaporator blowdown

Condensate filtration and
ion exchange

Condensate powdex

0.

O.
0e5 =
12 ~40

0 nn O O K+
1
W W w o o6 b

0.02 - 0.6
0.01 -— 0.06
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hydroxide, hydroxides of aluminum or iron, insoluble matter such as

clay, silt or sand, and organic matter such as algae or other plankton
removed from the water.

The American_Water Works Association Research Foundation has conducted a
study among its members to gather information on the nature of waste
disposal problems in water treatment plant to assist the utilities. 14

Waste sludges from clarifiers, generally have a solids content in the
range of 3,000 - 15,000 mg per 1liter. Suspended solids amount to
approximately 75 - 80% of total solids with the quantity of volatile
solids being 20 - 25% of total solids. The BOD level usually is 30 -
100 mg per 1liter. A large corresponding COD level of 500 - 10,000 mg
per liter shows that the sludge is not biodegradable, but that it is
readily oxidizable. The sludge has a pH of about 5 - 9.

Filter backwash 1is more dilute than the wastes from clarifiers.
Generally, it is not a large volume of waste. Turbidity of wash water
is wusually 1less than 5 mg per liter and the COD is about 160 mg per
liter. The total solids existing in filter backwash from plants
producing an alum sludge is about 400 mg per liter with only 40 - 100 mg
per liter suspended solids.

All ion exchange wastes are either acidic or alkaline except sodium
chloride solutions which are neutral. While ion exchange wastes do not
naturally have any significant amount of suspended solids, certain
chemicals such as calcium sulfate and calcium carbonate have extremely
low solubilities and are often precipitated because of common ion
effects. Calcium sulfate precipitation is common in ion exchange
systems because of excess quantities of sulfuric acid.

Evaporator blowdown consists of concentrated salts from the feed water.
Evaporators are usually operated to a point where the blowdown is three
to five times the concentration of the feed water. Due to the low
solubility of calcium carbonate and calcium sulfate, it is possible that
there will be precipitation of calcium carbonate and sulfate, if present
in the feed water. While the concentrated salts of the feed water are
neutral, decompositicn of bicarbonate to carbon dioxide and calcium
carbonate, creates an alkaline waste stream from the evaporator.

Table A-V-3 shows the arithemetic mean and standard deviation for a
number of parameters for water treatment wastes. These data were
gathered from many different sources and reported in various ways.
Therefore they show wide variations. As can be seen, the standard
deviation of each parameter chosen, is two to three times greater than
the mean value of the parameter.

Undoubtedly, other factors that do not appear in the data caused this

variation. Under the sub-heading of clarification wastes, the reported
data do not indicate whether the waste stream is a sludge from a
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TABLE A-V-3

ARITHMETIC MEAN AND DEVIATION OF

SELECTED WATER TREATMENT WASTE PARAMETERS

104

ARITHMETIC STANDARD 0-
MEAN DEVIATION m
m 0-
CLARIFICATION WASTES
Flow - M3 per day 316 613 1.9
Turbidity - J.T.U. 1,088 2,015 1.8
Total Suspended Solids - mg TSS per 1 25,213 53,060 2.1
Total Suspended Solids - kg TSS per day 2,673 5,594 2.1
Total Hardness ~ mg CaCO3 per 1 3,215 7,812 2.4
Total Hardness - kg CaC03 per day 27 63 2.3
Iron - mg Fe per 1 352 572 1.6
Iron - kg Fe per day 212 662 3.1
Aluminum 1 Piece Data -
ION_EXCHANGE_ WASTE
Flow - M3 per day 74,515 374,737 5.0
Total Dissolved Solids - mg TDS per 1 7,408 11,550 1.6
Total Dissolved Solids - kg TDS per day 1,311 4,263 3.2
Sulfate ~ mg SO4per 1 2,085 3,859 1.8
Sulfate - kg SO4 per day 1,100 3,414 3.1
Chloride - mg Cl per 1 1,708 4,603 2.7
Chloride - kg Cl per day 124 389 3.1
Sodium - mg Na per 1 3,112 6,448 2.1
Sodium - kg Na per day 558 1,572 2.8
Ammonia - mg NH3 - N per 1 46 137 3.0
Ammonia - kg NH3 - N per day 14 &1 2.9
EVAPORATOR_BLOWDOWN
Flow - M3 per day 38 62 1.6
Total Dissolved Solids - mg TDS per 1 730 805 1.1
Total Dissolved Solids - kg TDS per day 88 187 2.1
Total Suspended Solids - mg TSS per 1 175 443 2.5
Total Suspended Solids - kg TSS per day 16 36 2.2
Sulfate - mg SO4 per 1 79 109 1.4
Sulfate - kg SO4 per day 4 8 2.0
Chloride - mg Cl per 1 194 337 1.1
Chloride - kg Cl per day 17 31 1.8



clarifier removing suspended solids, a sludge from a lime softener for
hard water, or a wash-water from a filter. Obviously, waste stream
composition will vary depending upon its origin.

Similarly, data listed under ion-exchange wastes do not indicate whether
the waste is acid, caustic or brine waste. There are no indicators of
what source the waste originated from, or if the waste was neutralized
before reporting. In summary, data collected on water treating wastes is
of limited value because of the rprocess variations which were not

reported, and because of the limited quantity of information available
on these waste streams.

Boiler or PWR Steam Generator Blowdown

Except for zero solid treatment systems, no external water treatment
regardless how efficient, is in itself protection against boiler scale
without the use of supplementary internal chemical treatment of the
boiler water.

The primary cause of scale formation is that the solubilities of scale
forming salts decrease with an increase in temperature. The higher the
temperature and pressure of boiler operation, the more insoluble the
scale forming salts become. No method of external chemical treatment
operates at a temperature as high as that of the boiler water. Con-
sequently, when the tciler feed water is heated to the boiler operating
temperatures, the solubility of the scaile forming salts is exceeded and
they crystallize from solution as scale on the boiler heating surfaces.

Calcium and magnesium salts are the most common source of difficulty
with boiler scale. Internal chemical treatment is required to prevent
deposit scale formation from the residual hardness concentration
remaining in the feed water. One of the most common sources of scale is
the decomposition by heat of calcium bicarbonate to calcium carbonate
and carbon dioxide.

Ca(HCO3) 2 + Heat = CaCO3(s) + H2) + CO2(g)

Deposits of iron oxide, metalic coprer and copper oxide are frequently
found in boilers orerating with very pure feedwater. The source of
deposits is corrosion. Causes of the corrosive action are dissolved
oxygen and carbon dioxide.

To prevent calcium and magnesium salts from scaling on boiler
evaporative surfaces, internal treatment consists of precipitating the
calcium and magnesium salts as a sludge and maintaining the sludge in a
fluid form so that it may be removed by boiler blowdown. The blowdown
can be continuous or intermittent and the operation involves controlled
discharge of a certain quantity of boiler water. The most common
chemicals used for precipitation of calcium salts are the sodium
phosphates.

105



Chelating or complexing agents are sometimes applied. Tetrasodium salt
of ethylenediaminetetracetic acid (Na4-EDTA) and trisodium salt of
nitrilotriacetic acid (Na3-NTA) are the most commonly used chelating
agents. The chelating agents complex the calcium, magnesium, iron and
copper in exchange for the sodium.

The solubility of iron in water increases as the pH decreases below the
neutral point. To prevent corrosion, neutralization of the acid with an
alkali is necessary. Sodium carbonate, sodium hydroxide and/or ammonia
are commonly employed for this purpose.

Dissolved oxygen present in boiler water causes corrosion of metallic
surfaces. Dissolved oxygen is introduced into the boiler, not only by
the makeup water, but by air infiltration in the condensate system. In
addition to mechanical dJdeaeration, sodium sulfite is employed for
chemical deaeration.

2 Na2s03 + 02 = 2Na2s04

It is common practice tc maintain an excess of the sulfite, to assure
complete oxygen removal. The use of sodium sulfite is restricted to low
pressure boilers because the reacticn prcducts are sulfate and dissolved
solids which are undesirable in high pressure boilers. ‘

Hydrazine is a reducing agent which does not possess these disadvantages
for high pressure operation. Hydrazine reacts with oxygen to focrm
water.

N2H4+ 02 - 2H20 + N2
The excess hydrazine is decomposed by heat to ammonia and nitrogen.

The characteristics of kboiler blowdown are an alkaline waste with pH
from 9.5-10.0 for bcilers treated with hydrazine and pH from 10-11 for
boilers treated with rhosphates.

Blowdown from medium rressure boiler has a total dissolved solids (TDS)
in the range of 100-500 mg/1. High-rressure boiler blowdown has a total
dissolved solids in the range of 10-100 mg/1. Blowdown from boiler
plants using phosphate treatment contain 5-50 mg/1 phosphate and 10-
100mg/1 hydroxide alkalinity. Boiler plants with hydrazine treatment
produce a blowdown containing 0-2 mg/l1 ammonia.

In PWR nuclear-fueled powerplants, the steam generator employs ultrafine
quality water. Consequently the blowdown frequency and the impurities
are much less than that in fossil fuel glants.

The blowdown frequency is commonly once a day. Most of the data also

confirm the typical alkaline nature of the blowdown. The data do not
show completely the type of +treatment and +the raw water treatment
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lefficiency. Consequently, the data have greatly varying parameters.
lReference 21 reports waste water flows from boiler blowdown ranging from
'0-4 gal/1000 1lb steam generated.

l

Equipment Cleaning

f
‘chemical Cleaning Boiler or PWR Steam Generator Tubes

Boilers are subject to two major chemical prablems, corrosion and scale
{formation. .Proper operation and maintenance involves the pretreatment
'of boiler makeup water, and the addition of various corrosion and scale
control additives to the feed water. Boilers operating at high

pressures (and temperatures) require more critical control of boiler
water chemistry than low pressure boilers.

Even with the best preventive maintenance, occasional boiler cleaning is
a necessary operation for proper performance of steam boilers.
tcondenser 1leaks, oxygen leaks in the boiler water and corrosion/erosion

tof metallic parts by Lkoiler water may increase the frequency of boiler
tcleanings.

Chemical cleaning of boilers can be of two types - 1) Preoperational--
inecessary for new boilers before going on-stream and 2) Operational-
‘necessary for scale and corrosion products removal to maintain normal
boiler operating per fcrmance.

Preoperational Boiler Cleaning Wastes

,During the mamufacture and assembly of boiler steel components, a black

iron oxide scale (mill scale) is formed on metal surfaces. The removal
;0f mill scale is necessary to eliminate potential galvanic corrosion and
rerosion of turbine blades which can occur because of trapped mill scale
in the steam path. Similarly, the presence of o0il, grease (used during
fabrication and assemkly) and construction debris can be detrimental to
'boilers. Consequently, preoperational cleaning of boilers is an
.important aspect of powerglant start-up procedures.

X . .

; Typical steps for preoperational cleaning involve:

“(i) an alkaline boilout using a solution containing caustic or soda
ash, phosphates, wetting or emulsifying agents and sodium nitrite as an
;inhibitor to protect against caustic embrittlement.

"(ii) draining of the solution after achieving satisfactory removal of
0il, grease, silica, loose scale, dirt and construction debris etc.

'(iii) rinsing of the koiler
ﬂ(iv) acid cleaning of the boiler to remove mill scale using corrosion

inhibited hydrochloric acid or organic acids, such as citric and formic
acids or patented chelating scale removers.
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(v) draining of the acid solution using nitrogen to prevent meta]
rusting

(vi) second rinsing of the boiler with demineralized water

(vii) an alkaline boilout to neutralize trapped acid and to remove
trapped hydrogen gas molecules (which if left in the boiler can cause
metal embrittlement over a period of time)

(viii) and finally followed by a passivation rinse using sodium nitrite
and phosphate solution.

These typical preoperational cleaning steps are followed for drum type
boilers. For once-through boilers, process steps are similar except
that instead of boilout, continuous flushing is carried out.

The pollution parameters associated with preoperational boiler cleanings
are extreme pH values (acidic or alkaline solutions), phosphates,
nitrates, BOD from the organic emulsifying agents, oil and grease and
suspended solids. The quantity of these wastes and the pollutant
concentrations vary for each specific case.

Operational Boiler Cleaning Wastes

A variety of cleaning formulations are used to chemically clean boilers
whose operation has deteriorated due to build up of scale and corrosion
products. Analyses of scale deposits are made on sample sections of
tubes cut from the boiler. Based on the composition of scale discovered
in these samples, a cleaning program is selected. Some procedures are
more effective for copper removal, others for iron removal, and still
others for silica removal. The composition of boiler scale and
corrosion products is briefly described. This is followed by a
description of methods used to renovate boilers.

Composition of Scale

Boiler scale contains precipitated salts and corrosion products.
Precipitation occurs because of local supersaturation of their solution
concentration near the heated tube surfaces. These salts include
calcium carbonate and sulfate, calcium and magnesium phosphates and
silicates, and magnesium hydroxide as principal constituents. Iron and
copper oxides are present as corrosion byproducts and various trace
metals as zinc, nickel, aluminum may be present either as constituents
of the feed water, or as corrosion products. In addition, mud, silt,
dirt or other debris introduced via condenser leaks are also present.
0il contamination of koiler water results in carbonation of +this waste
and this is incorpcrated into the boiler scale. The composition of
boiler scale is dependent on the composition of boiler feed water,
materials of construction, boiler chemical additives, and contaminants
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leaked into the boiler water, and therefore will differ with each
successive cleaning of the boiler.

Frequency of Boiler Cleanings

There are many factors which affect the cleaning schedule for power
utility steam boilers. High pressure boilers require more critical
control of feed water purity and consequently usually require less
frequent cleanings. A review of boiler cleaning data in Table A-=-V-4
shows that cleaning frequency varies from once in seven months to once
in one hundred months. The mean time between boiler cleanings is

estimated from these data as thirty months with a standard deviation of
eighteen months.

Types of Boiler Tube Cleaning Processes
Alkaline Cleaning Mixtures with Oxiding Agents for Copper Removal

These foundations may contain free ammonia and ammonium salts, (sulfate
or carbonate), an oxidizing agent such as potassium or sodium bromate or
chlorate, or ammonium persulfate, nitrates or nitrites, and sometimes
caustic soda. Air is sometimes used as the oxidant. These mixtures
clean by the following mechanism: Oxidizing agents convert metallic
copper deposits to copper oxide. Ammonia reacts with the copper oxide
to solubilize it as the copper ammonium blue complex.

Since metallic copper interferes with the conventional acid cleaning
process described below, this cleaning formulation is frequently used to
precede acid cleaning when high copper levels are present in the boiler
scale.

The pollutants introduced by these cleaning formulations are as follows:
ammonium ion, oxidizing agents, high alkalinity, and high levels of iron
and copper ion dissolved from the boiler scale.

Acid Cleaning Mixtures

These mixtures are usually based on inhibited hydrochloric acid as
solvent, although sulfuric, sulfamic, phosphoric, nitric, citric, formic
and hydroxyacetic acids are also used. Hydrofluoric acid or fluoride
salts are added for silica removal. Corrosion inhibitors, wetting
agents, and complexing agents to solubilize copper may also be included.

These mixtures are effective in removal of scale due to water hardness,
iron oxides, and copper oxide, but not metallic copper.

The principal pollutants introduced to the waste stream from these

cleaning chemicals are acidity, rhosphates, fluorides, and organic
compounds (BOD) . In addition large quantities of copper, iron,
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A B
Bt HERRY
months

3409 24
3409 24
3410 12
3412 24
3414 12
3416

3404

3603 22
3603 23
3604 15
3604 20
3604 13
3604 7
3604 20
3605 50
3605 60
3605 50
3605 12
3605 24
3605 24
3606 36
3606 22
3609 48
3609 100
3609 74
3607 15
3610 12
3610 9
3610 18
3610 15
3611 50
3611 100
3612 60
3612 30
3612 50
3612 40
3612 24
36l2 30
3612 36
3612 40
3612 40
3612 30
3614 40
3614 24
3614 20
3614 36
3614 14
3614 12
3613 30
3613 24
3613 24

C

D

Boiler Volume

174
174
106
215
303
190
571
314.58
117.1

278.8
163.4
163.4
261.19
261.19
261.19
143.45
143.45
189.3
183.1
183.1
108.95
108.95
108.95
148.903
136.18
136.18
136.18
136.18
129.6
129.6
52.65
52.65
52.65
52.65
77.17
77.17
77.17
77.17
137.54
137.54
59.9
74.4
74.4
74.4
74.4
74.4
74.9
74.9
74.9

(1000 gal.)

46
46
28
57
80
50
150.8
83.09
30.93
43.165
43.165
92.92
35.97
35.97
69.18
69.18
69.18
37.89
37.89
50.0
48.37
48.37
28.78
28.78
28.78
39.33
35.97
35.97
35.97
35.97
34.23
34.23
13.9
13.9
13.9
13.9
20.38
20.38
20.38
20.38
36.33
36.33
15.82
19.66
19.66
19.66
19.66
19.66
19.78
19.78
19.78

E

(1b)

1380
1380

181
-158
3770

158.4

-23.8

F

Alkalinity (CaCoO3)

Kg

626
626
82
=72
1711.9
71.94
-10.84

TABLE A-V-4

CHEMICAL WASTE CHARACTERIZATION

INCREASE IN POLLUTANT QUANTITY PER CLEANING CYCLE
BOILER TUBES' CLEANING

G B I J K L

BOD CoD Total Solidg
(1b) kg (1b) kg (1b) kg
104 47.2 4017 1823 11816 5369
104 47.2 4017 1823 11816 5369
-9.8 -4.45 5091 2311 12024 5458
-8.3 -3.8 8302 3769 11972 5435
121.4 55 11101 5040 34817 15807
~1.65 -0.75 9169 4163 39698 18023
0 0 -14,07 ~6.39 99,34 45.1

M

(1b)

N

kg

tal Total
Dissggvgd Solids Suspended Solids

(o] P Q R
Ammonia
{1b) kg {1b) kg
176 80 1l6.7 7.58
176 80 16.7 7.58
9.8 4.45 1.2 0.54
75 34 9.8 4.45
505.2 229.4 52.86 24.0
246 111.7 3.2 1.454
0 0 0 0



TIT

3409
3409
3410
3412
3414
3416
3404
3603
3603
3604
3604
3604
3604
3604
3605
3605
3605
3605
3605
3605
3606
3606
3609
3609
3609
3607
3610
3610
3610
3610
3611
3611
3612
3612
3612
3612
3612
3612
3612
3612
3612
3612
3614
3614
3614
3614
3614
3614
3613
3613
3613

ICAL WASTE CHARACTERIZATION
INCREASE IN POLLUTANT QUANTITY PER CLEANING CYCLE

TABLE A-V-4

BOILER TUBES' CLEANING (continued)

B [+ D B P G H I J K L M N o
Nickel 2inc odium Nitrate Hardness Bromide Manganese
(1b) kg (1b) kg (1b) kg (1) kg (1b) kg (1b) kg (1) kg
95.8 43.5 5.99 2.72 1076 488 0.56 0.25 1<11 550 - - - -
95.8 43.5 5.99 2.72 1076 488 0.56 0.25 1211 550 - - - -
- - 10.3 4.67 2018 9l6 -5.6 -2.54 - - - - - -
- - -0.045 =0.02 - - =0.542 -0.25 -29.19 -13.25 - = - s
294 133.88 169.6 77 4885 2218 2.9 1.32 89.86 40.8 - - - i
108.4 49.22 91.56 41.57 12378 5620 0.817 0.371 - - - - - -
- - 0.00018 0.00008 -55.9 ~25.46 - - 1.25 0.57 - - 0.0059 0.0027
111 50.4 141 64 - - - - - - - - 30.8 14
- - - - 2569 1166 - - - - 484 219.7 - -
- - - - 2569 1166 - - - - 484 219.7 - -
100 45.4 126 57.2 3504 1590 - - - - 492 223 27.9 12.7
= - - - 1902 863 - - - - 582 264 - -
- - - - 2742 1244 - - - - 484 219.7 - -
81.9 37.2 106 48.1 3363 1526 - - - - - - 48.9 22.2
- - - - 3363 1526 - - - - - - - -
- - - - 5007 2273 - - - - - - - -
- - - - 2200 998 - - - - 503 228 - -
- - - - 1515 687 - - - - 503 228 - -
- - - - 2031 922 - - - - 773 350.9 - -
577 262 74.89 34 182 82 - - - - 635 288 15.4 7
- - - - 243 110.3 - - - - 847 384 - -
33 15 44 20 128 58 - - - - 444 201 11 5
46.2 21 59.4 27 - - - - - - - - 13.2 6
- - - - 2603 1181 - - - - 476 216 - -
- - - - 1301 590.6 - - - - 635 288 - -
44 20 55 25 2603 1244 - - - - 476 216 11 S
- - - - - - - - - - 476 216 - -
41.8 19 52.8 24 3500 1589 - - - - 465 211 11 5
- - - - 5374 2441 - - - - 465 211 - -
- - - - 1144 519 - - - - 481 218 - -
- - - - 573 260 - - - - 243 110 - -
- - - - 1144 519 - - - - 481 218 - -
- - - - 573 260 - - - - 243 110 - -
- - - - 3027 1374 - I - - 270 122 - -
- - - - 3027 1374 - - - - 270 122 - -
44.0 20 55 25 - - - - - - - - 11
- - - - 201 91.4 - - - - 698 317 - -
- - - - 55.7 25.28 - - - - 193 87.6 - -
24.23 11 30.8 14 1440 653 - - - - - - 6.6 3
- - - - 2161 981 - - - - - = - -
24.23 11 30.8 14 2105 955 - - he - 201 91.2 6.6 3
- - - - 810 367 - = - - 328 148.9 - -
- - - - 2105 955 - - - - 201 91.2 - -

Turbidity
JTu

370
370

Acxd B&ganﬂ G;
iﬁ urfactants

NO DATA



1l

34Co
3400
3410
3412
3414
3416
3404
3603
3603
3604
3604
3604
3604
3604
3605
3605
3605
3605
3605
3605
3606
3606
3609
3609
3609
3607
3610
3610
3610
3610
3611
3611
3612
3612
3612
3612
3612
3812
3612
3612
3612
3612
3614
3614
3614
3614
3614
3614
3613
3613
3613

INCREASE IN POLLUTANT QUANTIYY PER CLEANING CYCLE

TABLE

A-V-4

CHEMICAL WASTE CHARACTERIZATION

BOILER TUBES' CLEANING (continued)

J K L M N (o) P Q R S
Aluminum Chromium Copper Iron Magnes ium

(1b) kg (1b) kg (1b) kg (1b) kg (1b) kg

- - 6.91 3.13 251.6 114.2 599 271.9 224 101.7

- - 6.91 3.13 251.6 114.2 599 271.9 224 101.7

- - 1.4 0.63 245.5 111.4 1571 713.2 - -

- - 1.21 0.55 - - 1668 757.2 - -

- - 23.17 10.52 718 326 1841 836 13.83 6.28

- - 0.0832 0.0378 325 147.7 5491 2493 - -

- - 0.035 0.0160 0.00006  0.00003 0.001  0.00045 - -
18.94 8.6 - - 800 363 3100 1407 66 29.9
- - - - 800 363 3100 1407 - -

- - - - 300 408.6 2400 1089 - -

- - - - 800 363 4900 2224 - -
17 7.7 16.9 7.7 500 227 3800 1725 59.0 26.8
_ _ - - 300 136.2 2200 999 - -

- - - - 600 272 2100 953 - -
13.87 6.3 13.87 6.3 200 90.8 4000 1816 48.9 22.2
- - - - 100 45.4 3000 1362 - -

- - - - 25 11.35 3000 1362 - -

- - - - 500 227 1100 499 - -

- - - - 600 272 1100 499 - -

- - - - 600 272 5000 2270 - -
11.0 5 11.01 5 200 90.8 3500 1816 33 15
- - - - 300 136.2 4500 2043 - -
28.6 13 6.6 3 400 181.6 1500 681 22 10
_ _ - - 200 90.8 2500 1135 - -
- _ - - 300 136.2 3000 1362 ~ -
8.8 4 8.8 4 300 136.2 3000 1362 28.6 13
- - - - 500 227 100 45.4 - -
- - - - 400 181.6 1000 454 - -
8.8 4 - - 500 227 1000 454 26.43 12
- - - - 500 227 900 408 - -
6.6 3 6.6 3 600 272 2000 908 24.23 11
- - - - 400 181.6 2500 1135 - -
- - - - 200 90.8 900 408 - -
- - - - 100 45.4 800 363 - -
- - - - 200 90.8 700 318 - -
- - - -- 300 136.2 500 227 - -
- - - - 300 136.2 1000 454 - -
- - - - 400 181.6 1000 454 - -
- - - - 100 45.4 1500 681 - -
- - - - 100 45.4 1000 454 - -
8.8 4 8.8 4 300 136.2 3000 1362 26.43 12
- - - - 200 90.8 1500 681 - -
- - - - 500 227 1600 726 - -
- - - - 100 45.4 1400 635 - -
- - - - 100 45.4 1200 545 - -
- - - - 100 45.4 1000 454 - -
4.4 2 13.2 6 50 22.7 1000 454 13.22 6
- - - - 50 22.7 500 227 - -
4.4 2 4.4 2 200 90.8 1000 454 13.22 6
- - - - 200 90.8 1000 454 - -
- - - - 200 90.8 1000 454 - -

B c D E F el H I
Phosphorus Sulfate Chloride Fluoride
(1b) kg (1b) kg (1) kg (1b} kg
4.07 1.84 11.26 5.11 7772 3528 - -
4.07 1.84 11.26 5.11 7772 3528 - -
0.4 0.18 -40 -18.6 19100 8671 - -

-0.08 -0.036 - - 6142 2788 - -
7.26 3.3 73.37 33.31 25898 11758 - -

-0.001674 ~0.00076 0.33 0.15 32191 14615 - -
-0.0125 -0.0057 2.24 1.02 6.03 2.74 - -
74 33.6 - - 40361 18324 870 395
- - - - 15052 6834 - -
- - - - 21006 9537 478 217
- - - - 21006 9537 478 217
78.9 35.82 - - 45224 20532 2509 1139
- - - - 14588 6623 514.7 233
- -~ - - 14588 6623 514.7 233
58.72 26.66 - - 42085 19107 3837 1742
- - - - 38290 17834 3837 1742
- - - - 42085 19107 3837 1742
- - - - 18440 8372 1050 477
- - - - 18440 8372 1050 477
- - - - 24332 11047 1385 628
40.97 18.6 - - 29422 13358 - -

- - - - 29422 13358 - -
24.45 11.1 - - 13167 5978 1596 724
- - - - 13167 5978 - -

- - - - 13167 5978 399 181
33.76 15.33 - - 19140 8690 - -

- - - - 14588 6623 514.7 233.6
- - - - 17506 7948 997 452.6
30.1 13.7 - - 14588 6623 514.7 233.6
- - - - 14588 6623 514.7 233.6
28.7 13.05 - - 19477 8843 864.5 392.4
- - - - 16696 7580 864.5 392.4
- - ~ - 6768 3073 192.8 87.53
- - - - 8460 3841 192.8 87.53
- - - - 6768 3073 192.8 87.53
- - - - 8460 3841 192.8 87.53
- - - - 8266 3753 282 128
~ - - - 8266 3753 282 128
- - - - 12398 5629 1130 513
- - - - 11572 5254 1130 513
30.9 14.03 - - 17101 7764 504 228.8
- - - - 14733 6689 504 228.8
- - - - 9625 4370 253 114.86

- ~ - - 11962 5431 1092 495

- - - - 9568 4344 546 247.88
- - - - 11962 5431 546 247.88
17.24 7.83 - - 11962 5431 552 250.6
- - - - 11962 5431 829 376.3
17.24 7.83 - - 8022 3642 549 249.2
- - - - 8022 3642 362.3 164.5
- - - - 8022 3642 275 124.8



hardness, phosphates and turbidity are released as a result of loosening
and dissolving the boiler scale.

Alkaline Chelating Rinses and Alkaline Passivating Rinses

These formulations contain ammonia, caustic soda or soda ash, EDTA, NTA,
citrates, gluconates, or other chelating agents, and may contain certain
phosphates, chromates, nitrates or nitrites as corrosion inhibitors.
These cleaning mixtures may be used alone, or after acid cleaning to
neutralize residual acidity and to remove additional amounts of iron,
copper, alkaline earth scale compounds, and silica. Their wuse
introduces the follawing pollutants to the discharged wastes:

alkalinity, organic compounds (BOD), phosphates, and scale components
such as iron, copper and hardness.

Proprietary Processes

Frequently boiler tubes are cleaned by specialized companies using
proprietary processes and cleaning chemicals. Most of these chemicals
are similar to those described earlier and the resulting wastes contain:
alkalinity, organic compounds (BOD), phosphate, ammonium compounds, and
scale compounds such as iron, copper and hardness.

The data in Table A-V-4 shows pollutant concentrations for specific
cases. Inasmuch as boiler cleaning 1is tailored for individual
requirements, generalization about pollutant concentration is not
possible. However, the data does indicate generally observed high
amounts of metallic species and COD requirements.

In this study, boiler tube cleaning was not categorized on the basis of
once-through or drum-type. However, it is to be noted that similar
cleaning as described earlier is followed for once~through type boilers.

The other major heat transfer component in a boiler system is the
condenser. The spent steam from the turbine is 1liquefied in the
condenser by the condenser cooling water system. Condenser tubes are
made out of stainless steel, titanium or copper alloys. Preoperational
cleaning of the condensers is done with alkaline solutions, with
emphasis on the steam side of the condenser because of high quality
water circulation. Operational cleaning on the steam side depends upon
boiler water quality and is not done frequently. The water side of the
condenser is cleaned with inhibited hydrochloric acid.

In nuclear powerplants of the PWR type, strict control on the quality of
steam generator water is maintained. Cleaning frequently varies with
plant characteristics, as in fossil-fuel power plants, but the cleaning
methods are the same.
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Boiler Fireside

The fireside of boiler tubes collects fuel ash, corrosion products apg
airborne dust. Gas-fired boilers have the cleanest combustion process,

In order to maintain an efficient heat transfer, boiler firesides are
cleaned with high pressure fire hoses, while the boilers are hot. Sod;
ash or other alkaline materials may be used to enhance the cleaning,
Depending upon the sulfur content of the fuel, the cleaning wastes are
more or less acid.

Data was available from only two plants for boiler fireside cleaning,
These data are shown in Table A-V-5. The pollutants in the waste strean
may reveal extreme values of pH, hardness and suspended solids as wel]
as some metals.

Air Preheater

Air preheaters are an integral part of the steam generating systen,
They are used to preheat the ambient air required for combustion and
thus economize thermal energy. Two types .of preheaters are used --
tubular or regenerative. 1In either case, part of the sensible heat of
the combustion flue gases is transferred to the incoming fresh air.

In tubular air preheaters, cold fresh air is forced through a heat
exchanger tube bundle using a forced-draft-fan. The flue gases leaving
the economizer flow around the tubes and heat is transferred through the
metal interface. Regenerative type preheaters are used more frequently
in large powerplants. In this type, heat is regenerated by using
metallic elements in a rotor. The rotor revolves between two ducts --
outlet duct carrying hot flue gases to the stack and intake duct
carrying fresh air to the boiler windbox. Heat is transferred to the
metallic elements which in turn transfer it +to the fresh air by
convection.

Soot and fly ash accumulate on the preheater surfaces and the deposits
must be removed periodically to maintain good heat transfer rates as
well as to avoid plugging of the tubes or metallic elements. Preheaters
are cleaned by hosing them down with high-pressure water from fire
hoses.

Depending upon the sulfur content of the fuel, the cleaning wastes are
more or less acidic in nature. The washing fluid may contain soda ash
and rhosphates or detergents which have been added to neutralize excess
acidity or alkaline depending on the cleaning product used. Fly ash and
soot, rust, magnesium salts, and metallic ions leached from the ash and
soot are normal constituents of the cleaning wastes. Copper, iron,
nickel, and chromium are usually prevalent in this discharge, and in

oil-fired installaticns vanadium may also be present at significant
levels.
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TABLE A-V-5

CHEMICAL WASTE CHARACTERIZATION
INCREASE IN POLLUTANF QUANTITK PER CLEANING CYCLE

AIR PREHEATER CIEANING

A B c D E F G H I J K L M N (o] P Q R
. Plant Cleanin Tot T
Line Code Fre ueng Bgtch Volume Alkalinity can Total Solids Dissogvgé Solids SusEgEéaé Solids Sulfate Chloride
cycles/yr w {1000 gal.) (1b) kg {1b} kg (1b) kg (1b) kg (1b) kg (1b) kg (1b) kg
1) 3409 12 409 108 -72.02 -32.7 14.4 6.54 11951 5426 7907 3590 1975 897 1066 484 1.801 0.8178
2) 3410 12 852 225 -76.65 -34.8 16.87 7.66 24964 11334 16605 7539 4008 1820 2231 1013 o} 0
3) 3411 8 1363 360 -90.08 -40.9 14.98 6.8 40528 18400 27022 12268 6603 2998 3601 1635 0 o
4) 3412 12 2272 600 =530.39 -240.8 35.02 15.9 65515 29744 44264 20096 10788 4898 6114 2776 9989 4534
5) 3413 5 265 70 189.73 B86.14 116.7 53 2616 1188 4467 2028 477.9 217 692 314.2 0 0
6) 3414 6 1l62.8 43 -19.71 ~8.95 5.72 2.6 4768 2165 3189 1448 785.24 356.5 423.8 192.4 -8.96 -4.07
7) 3415 4 378.6 100 -25.02 -1ll.36 9.16 4.16 11257 5111 8249 3745 1834 833 979 444.5 -14.16 ~6.43
BOILER FIRESIDE CLEANING
8) 3410 2 2626 720 =240 -109 1134 515 40861 18551 35127 15948 3823 1736 11949 5425 V] 0
9) 3411 8 90.8 24 5.99 -2.72 19 8.63 4002 1817 3002 1363 119.09 54.07 299.4 135.9 18.01 8.18
AIR PREHEATER CLEANING (continued)
A B c D E F G H I J K L M N o P Q R S
Plant : : N <
Line Code Ammonia Nitrate Fhosphorus Hardness Chromium Copper Iron Magnesium Nickel
{1b) kg {1b) kg (1b) kg (1b) kg {1b) kg (1b} kg {1b) -kg {1b) kg (1b) kg
1) 3409 2.378 1.08 3.414 1.55 0.513 0.233 3949 1793 1.1 0.529 4.434 2.018 1531 695.1 874.45 397 67.55 30.67
2) 340 4.49 2.04 5.06 2.3 2.66 1.21 8255 3748 24.25 11.01 - - 3189 1448 1850 840 140.72 63.89
3) 3411 8.1 3.68 11.25 5.11 4.67 2.12 13372 6071 39.03 17.72 - - 5103 2317 2986 1356 225 102.2
4) 3412 12 5.45 5.48 2.49 5.86 2.66 22196 10077 59.19 26.875 0 0 8506 3862 4812 2185 375.3 170.38
5) 3413 0.722 0.328 0.471 0.214 0.035 0.0l6 476.8 216.5 0.749 0.34 2.907 1.32 3.495 1.587 107.4 48.76 28.63 13
6) 3414 0.925 0.42 1.074 0.488 0.559 0.254 1577 716 0.458 0.208 1.788 0.812 2.13 0.967 352.4 160 17.93 8.14
7) 3415 2.176 0.988 3.37 1.53 1.32 0.6 3709 1684 0.533 0.242 1.86 0.848 2.379 1.08 828 376 20.83 9.46
BOILER FIRESIDE CLEANING (continued)
8) 3410 1.49 0.68 14.75 6.7 11.1 5.04 35409 16076 0.0299 0.0136 - - 900 408.9 11949 5425 30.02 13.63
9) 3411 0.039 0.018 0.7 0.318 0.257 0.117 791.41 359.3 0.998 0.453 0.249 0.113 30 13.63 190.35 86.42 - -
AIR PREHEATER CLEANING (continued)
A B c D E F G H
rL_in;ﬂ Sodium zinc BOD Turbidity
(1b) kg (1b} kg (1b) kg JTU
1) 3409 1.799 0.818 4.43 2.011 3.6 1.635 495
2) 3410 0 0 8.97 4.075 0 0 476
3) 3411 0 . 0 14.93 6.78 0 0 497
4) 3412 8630 L; 3918 25.02 11.36 15.01 6.815 478
5) 3413- 552 ¥ 251 © 0.283 0.1285 2.335 1.06 500
6) 3414 -0.35 -0.1l6 1.788 0.812 1.793 0.814 500
7) 3415 1.66 0.757 2.07 0.942 1.668 0.757 498
BOILER FIRESIDE CLEANING {continued)
8) 3410 0 0 28.72 13.042 0 0 476
9) 3411 9 4.09 2 0.908 0 0 98




Cleaning frequency is usually about once a month, but frequencies of
to 180 cleanings per year are reported in Table A-V-5.

Chemical data for air preheater cleaning are also shown in Table A-V-5,
Data for plant number 3412 appears to deviate considerably from the
other plants, and mch of the data reported varies considerably fron
other plants, by as much as an order of magnitude.

Miscellaneous small equipment

At infrequent intervals, other plant components such as condensate
coolers, hydrogen ccolers, air compressor coolers, stator oil coolers,
etc. are cleaned chemically. Inhibited hydrochloric acid is a common
chemical wused for cleaning. Detergents and wetting agents are also
added when necessary. The waste volume is, of course, smaller than that
encountered in other type of chemical cleanings. Pollutant parameters
are ~-- low-high pH, total suspended solids (TSS) metallic components,
oil, etc.

Stack

Depending upon the fossil fuel used, the stack may have deposits of fly
ash, and soot. Acidity in these deposits can be imparted by the sulfur
oxides in the flue gases. If a wet scrubber is used to clean the flue
gas, process or equipment upsets can result in additional scaling on the
stack interior. Normally, high-pressure water is used to clean the
deposits on stack walls. These wastes may contain total suspended
solids (TsSS), high or low pH values, metallic species, o0il, etc.

Cooling tower basin

Depending upon the quality of the make-up water used in the cooling
tower, carbonates can be deposited in the tower basin. Similarly,
depending upon the inefficiency of chlorine dosages, some algae growth
may occur on basin walls. Some debris carried in the atmosphere may
also collect in the basin. Consequently, periodic basin washings with
water is carried out. The waste water primarily contains total
suspended solids (TSS) as a pollutant.

Ash handling

Steam-electric powerplants which utilize 0il or coal as a fuel produce
ash as a waste product of combustion. The total ash is of two sorts:
bottom ash and fly ash. Bottom ash is the residue which accumulates in
the furnace bottom, and fly ash is the material which is carried over in
the flue gas stream.

Ash-handling is the conveyance of the accumulated waste products to &
disposal system. The method of conveyance may be either wet (sluicing)
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or d;y (pneumatic) . This report discusses the wet ash handling system
and in particular, the waste water which it produces.

The chemical characteristics of ash handling waste water is basically a

function of the fuel burned. The following table lists commercial fuels
for power production. 278

Fuels Containing Fuels Containing
Ash Little or No Ash

All coals Natural gas
Fuel oil-*"Bunker C" Manufactured gas
Refinery sludge Coke-oven gas (clean)
Tank residues Refinery gas
Refinery Coke Distillates (most)
Most tars Combustion-turbine exhaust

Wood and wood products

Other products of vege-
table

Waste-heat gases (most)
Blast-furnace gas
Cement-kiln gases

0f the fuels containing ash, coals and fuel o0il are mostly used in the
power industry.

Coal

Coal is the most widely used fossil fuel in United Stated powerplants.
In 1972, 335 million tons of coal were consumed in the U.S. for power
generation. The average ash content of coal is 11% for the nation, 238
with a range from 6 to 20%. It may, therefore be estimated that roughly
37,000,000 tons of ash were produced in 1972 by U.S. powerplants.
Disposal of this quantity of solids from the waste water stream has
prompted most utilities to install some sedimentation facility. In many
cases, ash settling pcnds are used. A typical ash pond is illustrated
in Figure A-V-9, which is located in plant no. 4217. However, in some
cases, because of unavailability of 1land, aesthetics, or some other
reason, utilities have installed more sophisticated materials-handling
systems based on the sedimentation process.

The characteristics of the water handling coal ash is related to the
physico-chemical prorerties of that ash and to the volume and initial
quality of the water used. Table A-V-6 lists some of the constituents
of coal ash.238 Table A-V-7 shows the volume and time variabilities of
water flow in an ash kandling system. Reference 21 reports that water
requirements for ash handling are as follows:

fly ash 1,200-40,000 gal/ton ash conveyed
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Table A«V=6

CONSTITUENTS OF COAL ASH 238
Constituent Percent
SiO2 30-50
A1203 20-30
Fe203 10-30
Ti02 0.4-1.3
CaoO 1.5-4.7
MgO 0.5-1.1
Na20 0.4 1.5
K20 1.0-3.0
803 0.2-3.2
C and volatiles 0.1-4.0
P 0.1-0.3
B 0.1-0.6
U and Th 0.0-0.1
Cu trace
Mn trace
Ni trace
Pb trace
Zn trace
Sr trace
Ba trace
2r trace
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TIME OF FLOW FOR ASH HANDLING SYSTEMS

Table A-V-7

Plant No. 0110, a 952 MW unit fueled by pulverized coal

- basis is one 8=hr cycle -

Duty Flow Rate, gpm Duration, minutes
H. E. # 1,960 73
Flushing 600 15

H. E. #2 1,960 60
Flushing 600 20

H. E. #3 1,960 47
Flushing 600 15

Purge 1,960 3 x 8 each
FiN 1,500 3 x 15 each
Pyrites Tank 2,660 12

Purge 2,660 8

Grider Seal 8 180

Mi11 Rejects 515 7 x 6 each
Pressure Transfer 1 210
Hydrovac* 4,604 270
Bubblers 4 continuous
Cool Weirs 540 continuous
Pyrites Tank Make-up 640 12

*NOTE: Only significant item pertaining to fly ash handling. Al

other items pertain to bottom ash handling.
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bottom ash 2,400-40,000 gals/ton ash conveyed
The relative percentages cf bottom ash and fly ash depend upon the mode

of firing and the type of combustion chamber. Following figures are
satisfactory averages, for a coal of 13,000 Btu/lb.

Type of operation Fly ash (% of total ash)

Pulverized coal burners
Dry bottom, regardless of type

of burner 85
Wet bottom 65

(without fly ash rein jection)
Cyclone_furnaces 20
Spreader stokers

(without fly ash rein jection) 65

The number of variables involved in characterizing the water used for
ash handling is such that it is not probable that any two plants would
exhibit the same waste stream characteristics. The approach taken in
this report is to examine a cross section of plant data. There are no
data available on the actual ash sluicing waste water. However, since
most plants now employ a settling pond, the ash pond overflow data can
be used to evaluate associated waste water characteristics. These data
are summarized in Table A-V-8.

In that table, plant capacities range from 31MW to 2533MW and the ash
pond overflow varies Lketween 1817 M3/day (480,000gpd) and 122,946 M3/day
(32,473,000 gpd) .

Because of the large variation in quality of coal used in powerplants,
the data also show a wide variation in concentration of trace metals in
the effluent. Some of the metals discharged may be harmful to aquatic
life.

0il

The ash content of fuel o0ils is low (about 1% of the amount commonly
found in coal). 278 It is generally 0.10 to 0.15% by weight, although
it may be as high as 0.2%.

The quantity of ash produced in an oil-fired plant is very small, but
the settling characteristics of oil ash are not as favorable as those of
coal ash. It has been found that in some cases recycling oil fly into
the furnance increases efficiency and eliminates the fly ash disposal
problem. Depending on the vanadium content of the oil, the dry bottom
ash can actually be a saleable by-product.

Most o0il ash deposits are partially soluble and can be removed by water
washing. Generally the washing is done while the wunit is out of
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Plant
Code

3412
3416
3404
3402
3401
3405
1703
1720
1710
1722
1709
1711
1711

*1711
3936

~ 3936

& *3036
3927
2616
1808
1729
1718
3930
3930

#3930
1825
1825
1825
1825

*1825
3920
1816
2608
0111
4704
2119
2119

*2119
0107
3514
1716
1716
*1716

*total of more than one waste stream for plant

MW

1114.5
740
300
308

31
1l6.2
766

1178

1162

1232
690

1179

1086
1469
933
732

1042

500

1304
544
600
510

1300
823

2558
568
2182

676

Plant Capacity
MWHr/day C - Coal
0 - 0il

13205
10525
5420
4965
865
1629
6288
16155
3164
15563
0706

21872

18908
21705
14276
12050

2978
13888

3816

24813
7695
10149
7550
18169

9874

31458
5741
11315

11092

el

c/o
[
c/0
c/0
[
c/0

aaoaaon

c/0

aagoaoa

Qo

TABLE A-V-8

CHEMICAL WASTE CHARACTERIZATION

ASH POND QVERFLOW - NET DISCHARGE

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

Flow Total Solids Total Dissolved Solids Total Suspended Solids
m3/day  (1000gpd) mg/1 (b/day) kg/day (lb/MWHr) kg/MWHr mg/l (lb/day) kg/day (lb/MWHr) kg/MWHr mg/1 (lb/day) kg/day (lb/MgHr) kg/MgHr
x 10 x 10
19574 5170 3560 153490 69688 11.62° 5.272 3328 143495 65147  10.87 4.929 9l 3923 1781 297100 134800
13100 3460 -23 -663 -301 -0.064  —0.0292 -110 -3174 -1441  -0.308 -0.14 40 1154 524 112066 50878
2556 675 1879 10577 4802 1.952 0.886 1852 10423 4732 1.92 0.873 27 152 69 28044 12732
2726 720 54 324 147 0.065 0.0296 40 240.2 109.04 0.483 0.219 14 84.05 38.16 16931 7687
9132 2412 -1338 -26914 -12219 -31.1 -14.12 -1309 -26323 ~11951 -30.41 -13.81 1 20,11 9.13 2323 1055
18.17 4.8 -18509 -745 -338 -0.457 -0.207 -18520 ~741.41 =-336.6 -0.455 -0.206 11 0.44 0.20 270 123
22716 6000 -240 ~12008 ~5452 -1.91 -0.867 -129 -6453 -2930 -1.026 -0.465 -ll1 -5552 -2521 -89867 -40800
49218 13000 362 39247 17818 2.423 1.1 330 35777 16243 2.12 1 32 3469 1575 213656 97000
2726 720 ¢} 3} 1} 0 o] 108 648.45 294.4 0.2048 0.093 1} 3} o] 3} 0
98436 26000 112 24284 11025 1.54 0.7 106 22984 10435  1.475 0.67 -1 -216.7 -98.4  -13920 -6320
3786 1000 309 2574.9 1169 0.295 0.134 328 2735 12417 0.3127 0.142 -13 -108.3 -49.2  -12445 ~5650
32560 8600 509 36506 16574 1.652 0.075 486 34856 15825 1.586 0.72 23 1647 748 75110 34100
2650 700 506 2954 1341 0.135 0.061 499 2912 1322 0.133 0.06 7 40.86 18.55 1868 848
35210 9300 39460 17915 1.787 0.0811 37768 17147 1.719 0.78 1687.86 766.55 76978 34948
3786 1000 387 3227 1465 0.169 0.077 447 2892 1313  0.153 0.069 17 141.76 64.36 7467 3390
22716 6000 680 34026 15448 1,799 0.816 650 32524 14766 1.719 0.78 94 4702 2135 248678 112900
26502 7000 37253 16913 1.968 0.893 35416 16079 1.873 0.85 4843.76 2199.36 256145 116290
5300 1400 647 7552 3429 0.345 0.157 620 7237 3286 0.3326 0.151 17 198.45 90.1 9141 4150
15901 4200 3} ] 1} ] 0 3} 0 3} 3} ¢} 3} 0 3} 3} 3}
15144 4000 121 4035 1832 0.334 0.152 364 12143 5513 1.006 0.457 -243 -8105 -3680 -671800  -305000
1817 480 670 2680 1217 0.9 0.408 646 2586 1174 0.868 0.394 51 203.96 92.6 68491 31095
53000 14000 79 9222 4187 0.665 0.302 75 8755 3975 0.632 0.287 1 11l6.74 53 8266 3753
15144 4000 1124 37491 17021 9.82 4.46 1059 35328 16039  9.25 4.2 65 2167.4 984 567841 257800
3786 1000 1084 9013 4092 2.356 1.07 1081 9013 4092  2.356 1.07 3 25 11.35 6555 2976
18930 5000 46504 21213 12.176 5.53 44341 20131 11.606 5.27 2192.4 995.35 574396 260776
37103 9800 626 51163 23228 2.06 0.936 611 49934 22670 2 0.91 15 1224.67 556 49339 22400
12115 3200 525 14011 6361 0.564 0.256 435 11608 5270 -0.467 0.212 as 2268 1030 91418 41504
6058 1600 500 6669 3028 0.268 0.122 460 6136 2786  0.247 0.112 35 4669 212 18819 8544
114 30 1000 250.2 113.6 0.01 0.0045 500 125.11 56.8  .00504 0.00229 100 25.02 11.36 1008 458
55390 14630 72093 32730 2.9031 1.319 67803 30782 2.72 1.237 8186 1809 160584 72906
27259 7200 300 18614 8451 2.41 1.098 -320 -18614 -8451 -2.398 ~-1.098 -a -300 .136.3 -39017 -17714
3786 1000 1290 10757 4884 1.06 0.481 1210 10090 4581  0.994 0.4513 36 300 136.3 29581 13430
5679 1500 230 2876 1306 0.362 0.164 225 2812 1277 0.354 0.1607 S 62.53  28.39 7868 3572
27782 7338 295.5 18084 8210 = 0.9953 0.4518 - - - - - - - - - -
15434 4076 -1 - 34 - 15 ~-.0034 -.0016 - - - - - - - - - -
40694 10748 475 42578 19330 1.3535 .6145 - ~ - - - - - - - -
82252 21725 61 11052 5017 .3513 .1595 - -~ - - - - - - - -
122946 32473 53630 24347 1.7048 0.7740 - - - - - - - -
2726 720 182 1093 496.16 0.1904 0.0864 193 1159 526 0.2019 0.0917 -11 ~66.05 -29.98 -11504 -5223
10865 2870 - - - - - 844 20201 9171  1.785 0.8098 -337 ~8066  ~17767 -712900 -323400
1893 500 414 1724.7 783 .1553 .0705 445 1854 842 1672 .0759 -7 ~29.07 =-13.2 -2621 -1190
568 150 324 405.32 184.01 .0365 .0166 277 346.52 157.32  .0312 .0142 69 86.319 39.188 7782 3533
2461 650 2129.39 967 0.1928 0.0871 2200 999  0.1984  0.0891 57.25 26 5161 2343



TABLE A-V- 8
CHEMICAL WASTE CHARACTERIZATION

ASH_POND,-OVERFIZM = NET DISCHARGE (continued)

€zl

i o) _Sulfate Aluminun Chromiun
mg/1 (lb/day) kg/day (lb/MWHr) Xkg/MWHr mg/1 (lb/day) kg/day  (lb, MWHr) kg/MWHr mg/l  (lb/day) kg/day (1lb/MWHr) kg/MWHr mg/l  (lb/day) kg/day (lb/MWHr) kq/MWHr
x 106 x 108 x 108 x 108 x 106  x 16° x 105  x 108
3412 736 31733 14407 2403000 1090000 152 6554 2973 496300 225100 0.075 3,233 1.468 244 111 -0.113 ~-4.86 -2.21 -368 -167
3416 25 1010 458.5 98057 44518 2.2 63.48 28.82 6163 2798 - - - - - [ 4} [\] [ [}
3404 - - - - - 120 675.5 306.68 124378 56468 - - - - - - - - - -
3402 -12 -72.04 -32.71 -14513 -6589 8 48.01 21.8 9676 4393 - - - - - 0.01 0.059 0.027 11 5
3401 - - - - - -240 -4826 ~2191 -5570000 -2530000 - - - - - - - - - -
3405 -252 -10.04 -4.56 -6165 -2799 -996 -42.5 -19.3 -26165 -11879 - - - - - 0.139 0.0055 0.0025 3.407 1.547
1703 - - - - - 45 2251 1022 357929 162500 - - - - - 0.00001 0.0005 0.00023 0.079 0.036
1720 99 10731 4872 662995 301000 -18 -1951 -886 -120704 -54800 0.011 1.19 0.541 72.68 33 -0.014 -1.515 -0.688 =-92.5 -42
1710 - - - - - 43 258.19 117.22 81497 37000 - - - - - - - - - -
1722 255 55293 25103 3.546x10% 1610000 63 13658 6201 876651 398000 0.15 32.51 14.76 2070 940 - - - - -
1709 357 2975 1351 341409 155000 34 258.37 117.3 29515 13400 0.1 0.722 0.378 94.71 43 - - - - -
1711 220 15777 7163 720264 327000 286 20513 9313 936123 425000 © 0 0 [ 0 [} 0 [ 4} [}
1711 110 642 291.55 29361 13330 -26 -151.78 -68.91 -6940 -3151 -0.145 -0.8326 -0.384 -39.6 -18 -0.03 -0.174 -0.079 -8.8 -4
*1711 16419 7454 749625 340330 20665 9244 929183 421849 -0.8326 -0.384 -39.6 -18 -0.17 -0.079 -8.8 -4
3936 207 1724 783 90969 41300 158 1317 598 69603 31600 - - - - - 0.0005 0.0044 0.0019 0.218 0.099
3936 335 16762 7610 886249 402357 201 10057 4566 531749 241414 - - - - - 0.007 0.35 0.159 17.6 8
*393¢ 18486 8393 977218 443657 11374 5164 601352 273014 - - - - - 0.354 0.1609 17.81 8.099
3927 275 3209 1457 147577 67000 60 700 318 32158 14600 0.153 1.784 0.81 81.49. 37 0.011 0.1277 0.058 5.88 2.67
2616 - - - - - 123 4308 1956 301762 137000 1.67 58.48 26.55 4097 1860 - - - - -
1808 - - - - - 128 4268 1938 352420 160000 - - - - - - - - -
1729 388 1552 705 521445 236736 527 2109  957.5 708205 321525 - - - - - - - - - -
1718 51 5953 2703 429687 195078 98 11440 5194 825674 374856 1.350 157.62 71.56 11376 5165 0.001 0.116 0.053 8.81 4
3930 340 11341 5149 2970000 1349000 220 7339 3332 1922907 873000 0.021 0.7 0.318 182.82 83 - - - - -
3930 350 2918 1325 764860 347248 300 2501 1135.8 655599 297642 0.021 0.175 0.0795 46.25 21 - - - - -
*3930 14259 6474 3735000 1696000 9840  4467.8 2578506 1070642 0.875 0.3975  229.07 104 - - - -
1825 406 33182 15065 1320000 600000 180 14709 6678 592511 269000 - - - - - 0.080 6.54 2.97 262 119
1825 250 6671 3029 268881 122072 225 60044 2726 241993 109865 - - - - - 0.004 0.105 0.048 4.4 2
1825 200 2668 1211.5 107541 48824 314 4189 1902 168841 76654 - - - - - 0.007 0.092 0.042 4.4 2
1825 270 67.55 30.67 2722 1236 132 33.01 14.99 1330 604 - - - - - 0.005 0.001251 0.000568 0.005 0.023
%1825 42588 19336 1699000 772132 78975 11321 1004675 456123 - - - - 6.738 3.06 270.85 123.03
3920 - - - - - - - - - - - - - - - - - - - -
1816 - - - - - 200 1667 757 164097 74500 6 50 22.72 4912 2230 - - - - -
2608 4} [ 4} [ 4} 28 350.22 159 44057 20002 - - - - - - - - - -
0111 283 17319 7863 953233 432768 93 5691.5 2584 313253 142217 - - - - - - - - - -
4704  -134.8 -4582 -2078 -464000 -210500 61.5 2090.6 949 211730 96125 - - - - - - - - - -
2119 272.3 24408 11081 775892 352255 - - - - - - - - ~ - - - - - -
2119 31.3 5671 2574 180278 81846 - - - - - - - - - - - - - - -
*2119 30079 13655 956170 434101 - - - - - - - - - - - - - - -
0107 - - - - - 129.9 840.07 38l1.1 146328 66433 5,30 32.12 14.58 5597 2541 1] /] /] /]
3514 - - - - - 446 10675 4846 943400 428300 - - - - - - - - - -
1716 83 346 157.1 31057 14100 230 959 435.4 86343 39200 -0.22 -0.916 -0.4160 -81.49 -37 - - - - -
1716 74 92.57 42.02 8346 3789 -49 -61.3 -27.83 -5526 -2509 0.1 0.125 0.0568 1l 5 - - - - -
*1716 438 199 39403 17889 897.3 407.6 80817 36691 -0.12 -0.791 -0.3592 -70.49 -28 - - - -

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

*total of more than one waste stream for plant



Plant
Code

3412
3416
3404
3402
3401
3405
1703
1720
1710
1722
1709
1711
1711

*1711
3936
3936

*3936
3927
2616
1808
1729
1718
3930
3930

*3930
1825
1825
1825
1825

*1825
3920
1816
2608
0111
4704
2119
2119

*2119

0101
3514
1716
1716
*1716

—
()

*total of more than one waste stream for plant

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

TABLE A-V-8

CHEMICAL WASTE CHARACTERIZATION

ASH POND OVERFLOW - NET DISCHARGE - (continued)

Sodium Alkalinity (CaCO3) Ammonia (N) Nitrate (N)
mg/l  (lb/day) kg/day  (lb/MWHr) kg/MWHr wmg/l  (lb/day) kg/day (lb/MWHr) kg/MWHr mg/l  (lb/day) kg/day (lb/MwHr) kg/MWHr mg/l  (lb/day) kg/day (lb/MWHr) kq/MWHr
x 106 x 106 x 106 x 106 x 106 x 106 x 10% x 10°

0 0 0 0 0 -19 ~819.2 -371.6 -62000 -28100 - - - - - - - - -

-4 -115.4 -52.4 -11204 -5087 -6 -173.1 -78.6 -16808 -7631 -0.03 -0.859 ~-0.39 -83.39 -37.86 - - - - -

- - - - - 0 0 0 0 0 0 s} 0 0 0 0 0 0 0 0

- - - - - 160 960 436 193508 87853 -2.4 -14.4 -6.54 =-2903 -1318 0.24 1.44 .65 290 132

52 1046 56.07 1209000 548500 - - - - - - - - - - - - -~ - -
-1609  -63.43 ~28.8 -38940 -17679 - - - - - 0.66 0.026 0.012 16.21 7.36 -0.33 -0.01 -0.005 -6 -3

- - - - - ~110 -5504 -2499 -875110 -397300 -3 -150 -68.1 -23852 ~10829 -0.73 -36.52 -16.58 -5806 -2636

982 106467 48336 6.58x10% 2.99x10° 10 1084 492.2 66960 30400 ~5 -541 -246 -33480 -15200 0.12 13 5.9 804 365

- - - - - 0 0 0 0 0 0 0 0 0 0 0 0 0 s} 0

26 5638 2560 361233 164000 2 433.7 196.9 27753 12600 0.1 21.67 9.84 13.92 6.32 1.3 282 128 18061 8200

- - - - - 7 58.37 26.5 6696 3040 -5 ~41.69 -18.93 -4790 -2175 0.04 0.33 0.15 37.45 17

-3 -215.63  -97.9 -9845 ~4470 -67 ~4804 -2181 -218061 -99000 ¢ 0 0 0 0 1.0 71.7 32.560 3260 1480
173 1008 458 46176 20964 64 373 169.6 17083 7756 -4.5 - - - - 0.16 1.51 0.689 70.48 32

793 361 36331 16494 -4431 -2010.4 -200978 -91244 - - - - - 73.21 33.249 3330 1512

30 250.22 113.60 13200 6000 13 108.37  49.20 5726 2600 0.83 6.91 3.14 365.68 166 0.8 6.87 3.12 361 164

32 1601 726.98 84656 38434 13 650.50 295.33 34392 15614 1.01 50.52 22.94 2671 1213 0.6 30.02 13.63 1588 721

1851,22 840.58 97856 44434 758.87 344.53 40118 18214 57.43 26.08 3036 1379 36.89 16.75 1949 885

73 852.4 387 39207 17800 69 805.5 365.7 37004 16800 0.51 5.94 2.7 273.12 124 0.33 3.85 1.75 176.2 80

14 489 222 34350 15595 -67 -2345  -1065 -162995 ~-74000 0 0 s} 0 0 0 0 0 0 0

- - - - - 28 934 424 77312 35100 0.38 12.68 5.75 1000 500 0.72 24 10.9 1982 900

- - - - - -94 -376.2 -170.8 -126330 -57354 0.12 0.48 0.218 160.8 73 1.19 4.75 2.16 1597 725

3 350.2 159 25275 11475 ~15 -1751 -795 -126378 -57376 -0.04 -4.67 -2.12 =337 -153 0.09 10.5 4.77 757 344
92 3068 1393 803964 365000 120 4002 1817 1048458 476000 3.4 113.43 51.5 29713 13490 4.2 140 63.6 36696 16660
88 733.83 333.16 192308 87308 95 792.2  359.67 207605 94253 1.2 10 4.54 2623 1191 0.97 8.08 3.67 2119 962

3801 1726.16 996272 442308 4792.2 2176 1256063 570253 123.43 56.04 32336 14681 148.08 67.27 38815 17622

27 2204 1001 88100 40000 75 6130 2783 24669 11200 0.55 44.9 20.4 1806 820 6.1 498 226.3 20044 9100
23 613.6 278.6 24737 11231 48 12810 581.6 51625 23438 0.12 3.2 1.454 129.9 59 2.6 69.38 31.5 2797 1270
18 240.15 109.03 9678 4394 70 934 424 37638 17088 1.1 14.67 6.66 592.5 269 0.07 0.934 0.424 37.44 17
37 9.25 4.2 372.2 169 65 16.25 7.38 656 298 0.5 0.1233 0.056 5.044 2.29 4.6 1.149 0.522 46.25 21

3067 1392.83 122887 55794 19890 3786 114588 52024 62.89 28.57 2533 1150.3 569.46  258.74 22924 10408

- - - - - -38 -2282 -1035 -296600 +134500 g.g 30.02 13.63 3900 1771 -0.8 ~48.04 =21.79 —6000 = 2700

- - - - - 216 1799 817 177482 80577 -0.13 -1.083 -0.492 -105.72 -48 -1.35 -11.25 -5.11 -1110 -504
23 287.7 130.5 37600 17100 -63  -787174 ~357.77 -99125 - 45033 - - - - - -0.19 -2.37 -1.08 -299.6 -136

- - - - - 226.4 13855 6235 755868 343164 - - - - - - - - - -

- - - - - -6.2 -210.7 -95.68 -21346 -9691 - - - - - - - - - -

- - ~ ~ - -93.6  -8390 -3809 -266709 -121086 - - - - - - - - - -

- - - - - -13.7 -24A4 -1118 -77985 -35405 - - - - - - - - - -

- - - - -10854 ~4927 -344694 -156491 ) - - - - - - - -

- - - - - -16 -96.07 ~-43.61 -16736 ~7598 - - - - - - - - - -

- - - - - 443.7 10620 4821 938600 426100 - - - - - - - - - -
-45 -187.66  -85.2 -16916 -7680 -22 -91.74 ~41.65 -8260 -3750 0.4 1.670 0.76 149.78 68 0.09 0.374 0.17 33 15
-136 -170 ~77.24 -15339 -6964 15 18.76 8.51 1692 768 -5 ~6.255 -~2.84 ~564 -256 0.23 0.287 0.13 26 12

-357.6 -162.4 ~32255 -13644 -72.98 -33.14 -6568 -2782 -4.585 -2.,08 415.78 -188 0.661 0.3 59 27
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TABLE A-V-8

CHEMICAL WASTE CHARACTERIZATION
ASH POND OVERFLOW'~ NET DISCHARGE (continuted)

CHANGE IN PARAMETER IRBVEL FROM INTAKE TO DISCHARGE

(E.%calgt Chloriée Copper Iron Manganese -
mg/1 (1b/day) kg/day (lb/MWHr) kg/MWHr mg/l1 (lb/day) kg/day (lb/MWHr) kg/MiHir mg/l (lb/day) kg/day (lb/MWHr) kg/MWHr mg/l  (lb/day) kg/day (lb/MWHr) kg/MWHr
x 10 x 106 x 108 x 10 x 108 x 108 x 106  x 106
3412 2415 104121 47271 7885000 3577000 -0.001 -0.043 =-0.0196 -3 -1 -0.479 -20.65 -9.376 -1600 =726 - - - - -
3416 -1 -28.85 -13.1  -3215 -1460 0 0 0 0 0 0.045 1.297  0.589 125.55 57 - - - - -
3404 1700 9570 4345 1765918 801727 - - - - - - - - - - - - - - -
3402 13.5 81.01 36.78 16319 7409 -0.006 =-0.0359 -0.0163 -6.6 -3 -4.6 -27.62 -12.54 -5563 -2626 - - - - -
3401 -140 -2815 -1278  -3230000 -1470000 - - - - - - - - - - - - - - -
3405 - - - - - - - - - - - _ - - - - - - _ -
1703 15  750.5  340.74 119350 54185 - - - - - - - - - - - - - - -
1720 75 8130 3691 503295 228496 - - - - - 0.6 65 29.53 4008 1820 - - - - -
1710 1 6 2.726 1898 862 - - - - - - - - - - - - - - -
1722 34 7372 3347 473678 215050 - - - - - 0.28 60.7 27.56 3898 1770 0.02 4.3 1.97 277.5 126
1709 81  675.3 306.6 77588 35225  0.02  0.166  0.075  18.94 8.6 0.001 0.008326 0.00378 0.9559 0.434  0.0002 0.001652 0.00075 0.189 0.0861
1711 21 1506 683.7 68859 31262 - - - - - 0 0 o o 0 - - - - -
1711 -16 -93.4 -42.4 -4271  -1939 - - - - - -0.252 -1.4978 -0.68 -68,28 -31 - - - - -
711 1412.6 641.3 64588 29323 - - - - -1.4978 -0.68 -68.28 -31 - - - - -
3936 35 291.85 132.5 15431 7006 - - - - - 0.034 0.2819 0.128 14.98 6.8 - - - - -
3936 51 2551 1158.5 134909 61249 - - - - - 0.040 2.0 0.908 105.72 48 - - - - -
*3936 2842 1291 150340 68255 - - - - - 2.2819 1.208 120.70 54.8 - - - - -
3927 161 1879 853.3 86594 39314  0.005 0.0573 0.026 2.62 1.19 0.099 1.15 0.524 52.86 24 0.076 8.85 _ 4.02  40.74 18.5
2616 2 70.04 31.8 4907 2228 - - - - - 1.770  61.98 28.14 4341 1971 - - - - -
1808 1 33.35 15.144 2768 1257 - - - - - - - - - - - - - - -
1729 41 164.1 74.5 55101 25016 -Q.037 -0.148 -0.0672 -50.66 -23 ~0.593 -2.37 -1.077 -797 -362 - - - - -
1718 8 934 424 67400 30600 - - - - - -0.387 -45.8 -20.8 -3306 ~-1501 - - - - -
3930 120 4002 1817 1049000 476226 - - - - - - - - - - - - - - -
3930 120 1000 454.3 262240 119057 - - - - - - - - - - - - - - -
*3930 5002 2271 1311000 595283 - - - - - - - - - - - -
1825 30 2451 1113 98804 44857 - - - - - 0.02 1.634 0.742 63.87 29 - - - - -
1825 29 773.78  351.3 31189 14160 - - - - - 0.09 2.4 1.09 96.9 44 - - - - -
1825 32 426.8 193.8 17207 7812 - - - - - 0.032 0.4270 0.194 17.6 8 - - - - -
1825 152 38.01 17.26 1533 696 - - - - - 0.098 0.0245 0.0111 0.984 0.447 - - - - -
*1825 3689 1675 148733 67525 - - - 0.141 4.4855 2.037 179.35 81.447 - - - -
3920 - - - - - - - - - - - - - - - - - - - -
1816 a1 341.4 155 33480 15200 - - - - - - - - - - - - - - -
2608 - - - - - - - - - - - - - - - - - - - -
0111  -2.5 -153 -69.46 -8421 ' -3823 - - - - - 0.44 26.92  12.22. 1482 673 -0.02 -1.224 -0.555 -68 -31
4704 -43.7 -1485 -674 -150449 -68303 - - - - - 2.894 98.37 44.66 9963 4523 0.102  3.467 1.574 350 159
2119 -13.4 ~-1201 -545.3 -3g183 -17335 - - - - - - - - - - - - - - -
2119 -16.4 -2971 -1349 -94458 -42884 - - - - - - - - - - - - - - -
*2119 -4172 -1894 -132641 -60219 - - - - - - - - - - - -
0107 - - - - - 0.06 0.36 0.1635 62 28 0.15 0.9 0.409 32 71 - - - - -
3514 73 1747 793.2 - - - - - - - - - - - - - - - - -
1716 163 679.6 308.56 61273 27818 - - - - - - - - - - - - - - -
1716 26 32.52 14.76 2932 1331 - - - - - - - - - - - - - - -
*1716 712.1  323.32 64105 29149 - - - - - - - - - _ _ -

#total of more than one waste stream for plant



971

B

3412
3416
3404
3402
3401
3405
1703
1720
1710
1722
1709
1711
1711

*1711
3936
3936

*3936
3927
2616
1808
1729
1718
3930
3930

*3930
1825
1825
1825
1825

%1825
3920
1816
2608
0111
4704
2119
2119

#2119
0107
3514
1716
1716
*1716

#*Total of more than one waste stream for plant

Magnesium

mg/1 (1b/day)
156 6724
-11 -54.03
18 1951
25 5420
-3 -215.6
10 58.37
-157.23
15 125.11
14 700
825.11
21 244.5
0.1 3.50
-2 -233.48
0o 0o
12 320.26
11 146.76
12 2.99
470
~3.8 ~232.55
-1.9 -64.58
10 239.36
6 25.02
18 22.52
47.54

kg/day

3053

~24.53

886

2461

-97.9
26.5
=71.4
56.8

374.8

105.58
29.32

108.67
11.36
10.22
21.58

TABLE A-V- 8

CHEMICAL WASTE CHARACTERIZATION

ASH POND OVERFILW ~ NET DISCHARGE ({continued)

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

Mercury Nickel zZinc
(1b/MWHE } kg/MWHr mg/l (1b/day) kg/day (lb/MWHr) kg/MwHr mg/1 (1b/day) kg/day (lb.MWHr) kg/MwHr mg/1 (lb/day) kg/day (lb/MWHr) kg/MWHr
x 10° x 10 x 106 x 106 x 106 x 10° x 1085  x 10
509200 231600 - - - - - -0.054 -2.32 -1.057 -175 -80 -0.014 -0.603 -0.274 ~45 -20
- - - - - - - - - - - 0.162 4.67 2.12 453.7 206
- - - - - - - - - - - 0.00013 0.00073 0.00032 0.134 0.061
-10885 ~4942 - - - - - - - - - - - _ - _
- - - - - - - - - - - 0.17 3.41 1.552 3951 1794
- - - - - - - - - - - 0.117 0.00467 0.00212 2.86 1.301
- - _ - - - - - - - - 0 0 0 0
120704 54800 - - - - - - - - - -0.073  -7.9 -3.59 -489 -222
348017 158000 0.0002  0.044 0.0197 2.77 1.26 0.01 2.167 0.984 139.2 .2 0.03 6.5 2.953 416.23 189
- - - - - - - - - - - - 0.011 0.09 0.041 10.35 4.7
-9846 -4470 - - - - - - - - - - - - - - -
2669 1212 - - - - - - - - - - - - - - -
-7177 -3258 - - - - - - - - - - - - -
6608 3000 - - - - - - - - - 0.009 0.0749 0.034 3.94 1.79
37037 16815 - - - - - - - - - - 0.009 0.45 0.2044 24.23 11
43645 19815 - - - - - - - - 0.5249 0.2384  28.17 12.79
11233 5100 - - - - - 0.011 0.1277 0.058 5.88 67 0.003 0.035 0.0159 1.6 0.73
3898 1770 - - - - - - - - - - - - - - -
- - - - - - - - - - - - -0.01 -0.332 -0.151 -2.75 -1.25
- - -0.002 -0.00793 -0.0036 -0.44 -0.2 - - - - - - - - - -
-16850 -7650 - - - - - - - - - - 0.03 3.5 1.59 253.3 115
- - - - - - - 0.015 0.5 0.227 130.83 59.4 0.003 0.099 0.0450 24.229 11
- - - - - - - 0.008 0.066 0.0302 17.62 8 0.013 0.108 0.0492 28.63 13
- - - - - - 0.566  0.257 148.45 67.4 0.207 0.0942 52.959 24
0 0 - - - - - - - - - - 0.07 5.7 2.59 231.27 105
12907 5860 - - - - - - - - - - -0.007 -0.185 -0.084 -6.6 -3
5914 2685 - - - - - - - - - - -0.006 =-0.079 ~-0.036 -2.2 -1
121.1 55 - - - - - - - - - - 0.001 0.000251 0.000114 0.011 0.005
13942 8600 - - - - - - - - 5.436 2.47 222.48 101
-12800 -5811 - - - - - - - - - - - - - - - -
-6542 -2970 - - - - - - - - - - - - - - -
- - 0 0 0 o 0 - - - - - 0.05 0.30 0.14 50 24
21100 9600 - - - - - - - - - - - - - -
2247 1020 - - - - - - - - - - 0.12 0.5 0.227 44 20
2031 922 - - - - - - - - - - -0.02 ~0.025 -0.0113 =-2.2 -1
4278 1942 - - - - - - - - 0.475 0.216 41.8 19



Lzt

TABLE A-V- 8
CHEMICAL TE RIZATION
AgH POND OVERFLOW - NET DISCHARGE ({continued)

CHANGE IN PARAMETER LEVEL FROM INTAKE TO DISCHARGE

Sulfite, lead, Oil and Grease,

Plant
Code Phogphorus (P} Turbidity Phenols, Surfactants, Algi
mg/1 (lb/day) kg/day  (lb/MWHr) kg/MWHr JTU
x 108 x 108
3412 - - - - - -5
3416 - - - - - 13
3404 0 0 0 0 0 -
3402 3} 0 0 0 0 -29
3401 - - - - - 183 NO DATA
3405 -0.5 ~0.02 -0.01 -10 -5 8
1703 -0.33 16.5 -7.49 -2623 -1191 0
1720 -0.7 ~75.88 -34.45 -33480 ~15200 -
1710 - - - - - -
1722 -0.09 -19.51 -8.86 -1253 -569 10
1709 -1.19 -9.91 -4.5 -1136 -516 27
1711 .. -50.22 -22.8 -2290 -1040 -14
1711 - - - - - 1
n711 =-50.22 -22.8 -2290 -1040
3936 0.1 0.815 0.37 4l1.8 19 -
3936 0.2 10 4.54 528 240 -
*3936 10.815 4.91 569.8 259 -
3927 0.14 1.63 0.74 74.89 34 -
2616 0 3} [+} 0 0 -
1808 0.26 8.65 3.93 718 326 -
1729 0.08 0.319 0.145 107.93 49 -
1718  -0.05 -5.83 -2.65 -420 -191 -
3930 - - - - - -2
3930 - - - - - -22
*3930 - - - - -
1825 - - - - - -
1825 - - - - - -
1825 - - - - - -
1825 - - - - - -
*1825 - - - - -
3920 -0.09 -5.4 -2.45 -702.6 -319 -
1816 0.41 3.41 1.55 337 153 -
2608 -0.06 -0.749 -0.34 -94.7 -43 -
0111 - - - - - -
4704 - - - - - -
2119 - - - - - -2.2
2119 - - - - - 16.3
*2119 - - - - -
0107 - - - - - -
3514 - - - - - -
1716 -0.23 -0.958 ~0.435 -85.9 -39 -13
1716 -0.23 -0.280 -0.13 26 12 -13
*1716 -1.238 -0.565 -59.9 -27 -

#total of more than one waste stream for plant



service. In-service water washing at reduced loads has bgen practiceg
to some extent, using the hot, high-pH boiler water 1in carefully
regulated amounts.

Limited data are available on the characteristics of o0il ash handling
waste water. Table A-V-8 lists 6 plants which use both coal and oil,
but only one plant is listed using o0il alone. No data are reported for
vanadium in waste streams. In certain cases, however, when other means
of collecting the vanadium are not available, the content of vanadium in
waste water should be evaluated, because of its possibly toxic effect op
aquatic life.

Coalpile Drainage

For coal-fired generating plants, outside storage of coal at or near the
site 1is necessary +to assure continuous plant operation. Normally, a
supply of 90 days is maintained. These storage piles are typically 8 to
12 meters (25-40 ft) high spread over an area of several square meters
(or acres). Typically from 600 to 1,800 cubic meters (780 to 2340 cu
yd) are required for coal storage for every MW of rated capacity. As
such a 1000 MW plant would require from 600,000 to 1,800,000 cubic
meters (78,000 to 2,340,000 cu yd) of storage. Depending on coal pile
height, this represents between 60,000 to 300,000 square meters (15-75
acres) of coal storage area.

Coal is stored either in active piles or storage piles. Active piles
are open and contact of active coal with air and moisture results in
oxidation of metal sulfides, present in the coal, to sulfuric acid. The
precipitation trickles or seeps into coal piles. When rain falls on
these piles, the acid is washed out and eventually winds up in coal pile
runoff. Storage piles are sometimes sprayed with a tar to seal their
outer surface. In such cases, the precipitation runs down the side of
the pile.

Based on typical rainfall rates, pile runoff may range from 64,000 to
over 32,0000 cubic meters (17 to 85 million gallons) per year with
average figures around 75,000 to 100,000 cubic meters (20 to 26 million
gallons) per year. Table A-V-9 presents the amount of coal consumed per
day, area and height of coal pile, average rainfall and runoff from
various coal-fired generating plants across the country.

Liquid drainage from coal storage piles presents a potential danger of
stream contamination, if it is allowed to drain into waterways or to
seep into useful aquifers. Ground seepage can be minimized by storing
the coal on an imprevious base. Vinyl 1liners of <various thicknesses
have been wused for that purpose. To prevent the sharp edges of coal
particles from puncturing the liner, a 15 cm(6") bed of sand or earth is
placed on top of a liner before forming the coal pile.
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TABLE A-V-9

COAL PILE DRAINAGE

PLANT COAL CONSUMED /DAY AREA OF PILE HEIGHT OF PILE AVERAGE ANNUAL RUN-~OFF PER YEAR

ID RAINFALL

1lbs K Acres M< Ft. Meters Inches Meters Million M3

%106 xlgg x103 ’ Gallons %103
4701 15 6.81 25 101.85 40 12.19 44 1.117 20 75.7
4706 31 14.07 58 236.29 25 7.62 - - - -
4702 15 6.81 75 305.55 17 5.18 54.7 1.389 25 94.62
4705 27.6 12.53 28 114.07 25 7.62 - - - -
4703 20.6 9.35 18 73.33 40 12.19 45.84 1.164 25 94.62
2120 25.4 11.53: 61 248.5 22 6.7 - - - -
4704 14. 34 6.51 21 85.55 25 7.62 43.1 1.094 17 64.34
2119 47.6 21.6 25 101.85 - - 44.4 1.1277 22 83.27
0112 35.8 16.25 25 101.85 40 12.19 - - 26.5 100.3
5305 - - 120 488.8 - - 60 1.524 - -




Water pollution associated with coal pile runoff is due to the chemica)
pollutants and suspended solids usually transported in coal pile
drainage. Drainage quality and quantity is variable, depending on the
meteorological condition, area of pile and type of coal used. Areas of
high average rainfall have much higher drainage than those of ]oy
average rainfall. Contact of coal with air and moisture results ij
oxidation of metal sulfides to sulfuric acid and precipitation of ferric
compounds. High humidity areas have higher precipitation and produce
larger runoffs.

Coal pile runoff, like coal mine drainage, can be classified into three
distinct types according to chemical characteristics. The first type of
drainage will usually have a pH of 6.5 to 7.5 or greater, very little or
no acidity, and contain iron, usually in the ferrous state. Alkaline
drainage may occur where no acid-groducing material is associated with
the mineral seam or where the acid is neutralized by alkaline material
present in the coal. Some alkaline waters have high concentration of
ferrous ion, and, upon oxidation and hydrolysis, precipitate large
amounts of iron.

A second type of drainage is highly acidic. This water contains large
amount of iron, mostly in ferrous state, and aluminum., 137

Coal pile runoff is commonly characterized as having a 1low pH (high
acidity) and a high concentration of total dissolved solids including
iron, magnesium and sulfate. Undesirable concentrations of aluminum,
sodium, manganese and other metals may also be present. Contact of coal
with air and moisture results in oxidation of the metal sulfides present
in the coal to sulfuric acid. Pyrites are also oxidized by ferric ion
to produce ferrous sulfate. When rain falls on these piles, the acid is
washed out and eventually winds up in the coal pile drainage. At the
low pH produced, other metals such as aluminum, copper, manganese, zinc,
etc. are dissolved to further degrade the water.

Although the exact reaction process is still not fully understood, the

formation of acid coal pile drainage can be illustrated by the following

equations. Initial reaction that occurs when iron sulfate and sulfuric
acid

2 FeS2+7 02 +2 H20 = 2 FeSO4+2 H2SO4

Subsequent oxidation of ferrous sulfate produces ferric sul-
fate:

4 FeSO4+2 H2S04+02 = 2Fe2(S04) 3+2 H20
Depending on physical and chemical conditions, the reaction

may then proceed to form ferric hydroxide or basic ferric
sulfate:
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Fe2 (SO4) 3+6H20
and/or
Fe2 (SOU4) 3+2H20

2Fe (OH) 3+ 3H2S04

2Fe (OH) (SO4) +H2S04
pPyrites can also be oxidized to ferric ions as shown below:

FeS2+14 Fet+3=8H20 = 15 Fet242SO4—2+16H*

Regardless of the reaction mechanism, the oxidation of one mole of
pyrite ultimately leads to the release of two moles of sulfuric acid
(acidity). ’

other constitutents found in coal pile drainage are produced by
secondary reactions of sulfuric acid with minerals and organic compounds
present in the coal. Such secondary reactions are dependent upon type
of coal and physico-chemical conditions of the pile.

The pollution of streams by coal-pile runoff may be attributed to higher
concentration of dissolved solids, mineral acid, iron, and sulfate
present in the runoff. In addition, aluminum, copper, zinc and
manganese may be present. The degree of harm caused by these elements
is compounded by synergism among several of them; for example zinc with
copper. The harmful effects of iron, copper and zinc solutions can be
greater in the acid water polluted by coal pile drainage than in neutral
or alkaline water. Data reported from various plants are shown in Table
A-V-10. An inspection of these data reveals an extremely large
variation in the pcllutant parameters 1listed. The concentration of
runoff is dependent on the type of coal used, history of the pile and
rate of flow. Plant nos. 1729, 3626, and 0107 using high sulfur coal

are highly acidic (low pH), and have high sulfate and metallic
concentrations.

The acidity, - sulfate and metal concentrations of plant no. 3505 which
uses very low sulfur coal are very small. The concentration of
pollutants during heavy rainfall will be very small after an initial
removal of precipitated material from coal, while during 1l1low flow
conditions the retention time may be high enough to complete oxidation,
resulting in higher runoff concentrations.

Floor and Yard Drains

The floor drains within a powerplant generally include dust, £fly ash,
coal dust (coal-fired plants) and floor scrubbing detergent. This waste
stream also contains lubricating oil or other oils which are washed away
during equipment cleaning, oil from leakage of pump seals, etc., and oil
collected from spillage around storage tank area.

No data regarding the flow'and composition of this waste stream have

been reported, however, oil, suspended solids, and phosphate from. floor
scrubbing detergent may be present in the floor drains. The discharge
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TABLE A-V-10

CHEMICAL WASTE CHARACTERIZATION

COAL PILE DRAINAGE

Dii ge Concentrations
B C D E F G H tharge = L

A M N o] P Q
Line £838° Alkalinity __ Bmop cop 15 TS __TSS  _Amonia  Nitrate Phosphorus Turbidity Acidity HaPdnsss _Sulfate Chloride Aluminum Chromium
mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/1
1) 3402 6 0 1080 1330 720 610 0 0.3 - 505 - 130 525 3.6 - 0
2) 3401 0 0 1080 1330 720 610 0 0.3 - 505 - 130 525 3.6 - 0
3) 3936 0 10 806 9999 7743 22 1.77 1.9 1.2 - - 1109 5231 481 - 0.37
4) 1825 ~ - 85 6000 5800 200 1.35 1.8 - - - 1850 861 - - 0.05
5} 1726 82 3 1099 3549 247 3302 0.35 2.25 0.23 - - - 133 23 - -
6) 1729 ~ - ~ - - - - ~ - - - - 6837 - - -
7) 3626 ~ - - - 28970 100 - - - - 21700 - 18000 - 1200 15.7
8) 0107 0 - - 45000 44050 950 - - - - 27810 - 21920 - 825 0.3
3) 5305 21.36 - - - - - - - - 8.37 8.68 - - - - -
10) 8305 14.32 - - - - - - - - 2.77 10.25 - - - - -
11) 5305 36.41 - - - - - - - - 6.13 8.84 - - - - -
Discharge Concentrations
A B C D E F G
. Plant . : :
Line Code Coppex. Iron Magnesium Zinc Sodium PH
ng/1 ng/1 mg/l mg/1 mg/1 pH
1) 3402 1.6 0.168 - l.6 1260 2.8
2) 3401 l.6 0.168 - 1.6 1260 2.8
3} 3936 ) ~ - 89 2.43 160 3
4) 1825 ~ 0.06 174 0.006 - 4.4
5) 1726 -~ - - 0.08 - 7.8
6) 1729 -~ 0.368 - - - 2.7
7) 36286 1.8 4700 - 12.5 - 2.1
8) 0107 3.4 93000 - 23 - 2.8
9) 5305 - 1.0 - - - 6.7
10) 5305 -~ 1.05 - - - 6.6
11) 5305 - 0.9 - - - 6.6



stream will be acidic if any wash water from air preheater or fireside
of the boiler winds up in floor drains.

Air Pollution Control

A number of processes have been proposed for removing particulate and
s02 emissions from stack gases 4. Some of these processes have been
suggested for potential application in fossil-fuel powerplants 141,220,
In general the SO2 removal processes can be categorized as follows: 123

(1) Alkali scrubbing using calcium carbonate or lime
with no reccvery of s02.

(2) Alkali scrubbing with recovery of S02 to produce
elemental sulfur or sulfuric acid.

(3) Catalytic oxidation of SO2 in hot flue gases to
sulfur trioxide for sulfuric acid formation.

(4) Dry-bed absorption of SO02 from hot flue gases
with regeneration and recovery of elemental sul-
fur.

(5) Dry injecticn of limestone into the boiler furnace
for removal of SO2 by gas-solid reaction.

The removal of particulate from stack gases can also be carried out
separately - using an electrostatic precipitator or a dry mechanical
collector, "Wet" scrukbing for SO2 removal can be applied subsequently.

The waste water problems are mainly concerned with "wet" processes
(first three types mentioned above). Wastewater problems associated
with particulate (fly-ash) removal devices are described in an earlier
portion of this section of the report.

At present the "wet" processes - alkali scrubbing with and without S02
recovery, oxidation of S02 for sulfuric acid production - are mainly in
pilot plant or prototype stage of development. Of the three processes,
sufficient data is available only for the alkali scrubbing process
without S02 recovery, and consequently only this process is described
briefly in the following paragraph.

Flue gas from electrostatic precirpitators (optional equipment) is cooled
and saturated by water spray. It then passes through a contacting
(scrubbing) device where S02 is removed by an aqueous stream of lime
absorbent. The clean gas is then reheated (optional step) and vented to
the atmosphere through an induced draft fan if necessary. The 1lime
absorbent necessary for scrubbing is produced by slaking and diluting
quicklime in commercial equipment and passing it to the delay tank for
recycle as a slurry through the absorber column(s). Use of the delay
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tank provides sufficient residence time for the reaction of dissolveq
S02 and alkali to produce calcium sulfite and sulfate. The waste
sulfite/sulfate is them pumped as a slurry to a lined settling pond or
mechanical system where sulfite is oxidized to sulfate. The clear
supernatent liquid is returned to the process for reuse. The waste
sludge containing fly ash (if electrostatic precipitator is not
employed) and calcium sulfate is sent for disposal (as a landfill).

The process described above suffers from potential scaling problenms,
The calcium salts tend to form a deposit, causing equipment shutdown ang
requiring frequent maintenance.

The process is a closed loop type and conseguently there is a no net
liquid discharge from the process. The disposal of sludge has been
covered in the literature 161, However, depending upon the solids
separation efficiency in a pond or mechanical equipment, there may be
excess free water asscciated with the sludge. To dewater this sludge,
mechanical filtration equipment may be necessary.

To date eleven utilities bhave committed themselves to fullscale
installation of the alkali scrubbing process without SO2 recovery 218,
During the course of the present study, visits were made to two plants
for observing the scrubbing devices. However, in plant no. 1720, the
scrubber was not running because of operational problems. The process
for the other plant (no. 4216) is described in this section.

Plant no. 4216 of 79 MW capacity burns 0.7% sulfur coal. The boiler
gases are split into two streams - approximately 75% going to a scrubber
and the remaining 25% going to an electrostatic precipitator. The
exhaust gases from the two are then recombined and vented to atmosphere
at 2109F. This splitting of the boiler gases is done to reheat the
scrubber exhaust gases which are at 1249F (saturated). This stack gas
reheating is achieved to minimize scaling problems from moist gases.
The scrubber is not specifically used for SO2 removal. Rather, the
primary function is to remove particulates. On the other hand, some S02
pick-up is achieved. This is evident from Figure A-V-8 where the net
output from the process (thickener underflow) is richer in sulfate than
the process input (river water). The flow diagram and the different
stream compositions are shown in Figure No. A-V-10.

Miscellaneous Waste Steams

The operations and the waste streams described earlier are centered
around meeting the steam generating boiler requirements. Besides these
chemical waste streams, there are also miscellaneous waste streams
originating in a steam electric plant. These waste streams are
described in the remainder of this section.
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Sanitary Wastes

The amount of sanitary waste depends upon the number of employees. This
in turn is dependent upon the type of plant--coal, oil, or gas, its size
and its age. A powerplant employs administrative personnel and plant
personnel (plant crews and maintenance personnel). Coal-fired plants
require more operational personnel then others. For a coal- fired
plant, the breakdown in types of employees is typically as follows:

operational personnel: 1 per 20-40 Mw
maintenance personnel: 1 per 10-15 Mw
administrative personnel: 1 per 15-25 Mw

A typical three boiler 1,000 MW coal-fired plant may employ 150-300
people. Whereas, in a o0il plant of similar size, the total number of
employees may be in the range of 80-150.

The typical parameters which define the pollutional characteristics of
sanitary wastes are BOD-5 and suspended solids. The following table
lists per capita design estimates for the waste stream:

FLOW BOD-5 TSS
Ooffice/Admin. 0.095m3/day 30 g 70 g
(25 gpd) (0.07 1b) (0.15 1b)
Plant 0.133 m3/4ay 40 g 85 g
(35 gpd) (0.09 1b) (0.19 1b)

Knowing the number of personnel in the offices/administrative and plant
categories, the characteristics of the raw sewage waste stream can be
estimated. Typically, for an oil-fired plant generating 1,000 MW the
personnel required might be 20 office and administrative, and 85 plant
personnel. The raw sewage characteristics for this plant can be
estimated on the basis presented above as follows:

FLOW BOD-5 TSS
OfficesAdmin. 1.890 m3/day 635 g 1360 g
(500 gpd) (1.40 1b) (3.00 1b)
Plant 1.125 m3/day 3480 g 7330 g
{2975_gpd) (71.65 1b) (16.15_1b)
Total 3.015 m3s/day 4115 g 8690 g
(3475 gpd) (9.05 1b) (19.15 1b)

The sanitary waste from steam electric powerplants is generally similar
to municipal sanitary wastes with the exception that powerplant wastes
do not normally contain laundry or kitchen wastes. Moreover, the per
capita hydraulic loading for powerplant personnel is relatively small
(25 to 35 gallons) in comparision to domestic wusage (100 to 150
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gallons) . Normally the local health agencies dictate requirements for
treating sanitary wastes. 1In metropolitan areas, the raw sewage may be
discharged to a municipal treatment plant. In rural areas, packaged
treatment plants for sanitary wastes may be employed.

Plant Laboratory & Sampling Streams

Laboratory facilities are maintained in many steam electric powerplants
to carry out chemical analysis for checking different operations such as
ion exchange, water treatment, boiler tube cleaning requirements, etc.
The size of the labcratory depends upon the size, type, and age of the
plant. Modern high pressure steam plants require closer control on the
operations and consequently increased laboratory activity. In nuclear
plants the use of a laboratory is extensive.

The waste from laboratories vary in quantity and constituents, depending
upon the use of the facilities and the type of powerplant.

Intake Screen Wash

Powerplants require water for various ogerations. Plants using once-
through type condenser cooling systems draw the cooling water from a
waterbody such as an ocean, a lake, a river, etc. On the other hand,
plants using a recirculating condenser cooling system need less water
intake than the once-through types. Depending upon the water require-
ments and the source of intake water, traveling screens are used to
prevent river debris, fish, leaves, etc from entering the intake system.
The accumulated debris is collected and the screens hosed down to
prevent plugging.

Service Water System

Service water systems supply water which is used for such house services
as bearing and gland cooling for rumps and fans, auxiliary cooling and
heat exchangers, hydrogen cooler and fire pumps. In many cases toilet
and potable water is included in this category.

Basically, there are two types of service water systems. Once-through
service water systems are most common. In these types raw water with no
treatment chemical is added. These types of systems are operated in
parallel +to the condenser cooling water system. Raw water is used and
no continuous treatment is practiced. Occasional shock chlorination is
given to similar lewvels as with condenser cooling water. Chlorination
treatment is, however, much 1less frequent. Many nuclear plants
integrate the emergency core cooling system with a once-<through service
water system. once-through service water systems <can be used
exclusively or in conjunction with closed-loop recirculatory systems.
With recirculatory systems the makeup can be supplied from either raw or
city water. This makeup is pretreated to a high degree of purity. This
closed loop recirculatory water is treated to a high degree to prevent
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corrosion within +the system. In general, chromates are wused ij
conjunction with caustic soda for controcl of pH at 9.5 to 10 up ¢to
levels of 250 ppm. Borate-nitrate corrosion inhibition treatment ig
also used to levels of ketween 500 to 2,000 ppm. Generally, there ijg
little or no loss from these closed-lcop systems. The only occasions
when water loss can occur are during maintenance or occasionally if the
system has to be drained for cleaning, which although infrequent can
occur at a three year frequency.?21

Service water requirements cover a wide range. For once-through systenms
water flows range from 0.5 to 35 gpm per MW of rated plant capacity.
Typically, the flow is 10 to 11 gpm per MW of rated capacity. Where
closed-loop systems are operated a figure of 22 to 23 gpm per MW of
rated capacity is typical. On this basis, closed-loop blowdown can
typically be 5 gallons per day with a settleable solids content of 1 to
2 ppm.2! Service water requirements of plant no. #4251, a nuclear unit of
851 MW wusing 480,000 gpm of main condenser cooling water, are as
follows:

Primary plant component cooling water 5,800 gpm
Secondary plant ccmponent cooling water 16,000 gpm
Centrifugal water chiller 3,000 gpm
Control room air conditioner 210 gpm

Construction Activity

There are liquid wastes associated with on-site construction activities,
Such wastes will depend upon the type and size of construction and the
location.

Generally, waste water resulting from construction activity will con§ist
of storm water runoff from the site during the course of construction.
This stream can be characterized by suspended solids and turbid@ty
resulting from the erosion of soil disturbed by the construction
activity.

Low Level Rad Wastes

The radioactive waste handling system is beyond the scope of this study.
some of the low level rad wastes from a nuclear powerplant contain boron
and therefore can also be considered as chemical wastes. Consequently,
a brief description of the waste handling systems in a nuclear power-
plant is included. The sources of radioactive wastes are the reactor
coolant and spent fuel coolant and the various systems with which these
coolants come into contact. In general, the radioactive fluids are
treated by filtration, ion exchange, and distillation. The fluids are
then either recycled for use in the fglant or diluted with condenser
cooling water for discharge to the environment.'
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Most commercial nuclear powerplants in the country are either
pressurized water reactors (PWRs) or boiling water reactors (BWRs). In
a pressurized water reactor, the primary coolant is maintained at a
pressure (2,200 psi) sufficient to keep it from boiling. After the
primary coolant is heated in the reactor, it flows through the tube side
of large heat exchangers generating steam on the shellside. This steam
is used to drive the turbine and is then condensed and returned to the
steam generator thrcugh a series of preheaters. Thus, in a PWR, the
primary coolant is isclated from the steam-condensate system. However,
some leakage through defects in steam-generator tubes may occur
resulting in contamination of the steam-condensate system. There are
several other fluid systems which may be contaminated. In a PWR, boron
is used in the primary coolant to help control reactivity. As the fuel

burn-up progresses, the boron concentration is lowered by feed and bleed
of reactor coolant.

Two systems are associated with this process. The first system, which
is sometimes called the chemical and volume control system (CVCS), is om
stream at all times and is used to control the radioactivity chemistry
and volume of reactor coolant. Reactor coolant is continously bled from
the primary system into the CVCS where it usually passes through filters
and ion exchangers. The coolant can then be returned to the reactor or
diverted to the second system to allow addition of water with a
different bcron concentration to the reactor through the CVCS. The
second system can be labeled the boron management system (BMS). It
processes the reactor coolant letdown after it has passed through the
CVCS ion exchangers. Processing in the BMS usually includes gas
stripping to remove hydrogen and the radioactive noble gases, ion
exchange, and distillaticn. The distillate may be recycled for  use as
reactor coolant or diluted with condenser cooling water for discharge to
the environment. The concentrated bottoms from the distillation process
are either recycled as boric acid for use in the reactor coolant or
mixed with cement and placed in drums or larger containers for shipment
to a solid radioactive waste burial site.

Provisions are made so that after reactor shutdown it is possible to
cycle reactor coolant through ion exchangers prior to flooding the
reactor area and fuel transfer canal with water from the refueling water
tank. However, there is still some residual activity in both the
refueling water tank and the fuel storage pools. Thus, it is possible
that refueling water, spent fuel coolant, new fuel pool water and
secondary coolant are contaminated as well as reactor coolant and let-
down. Also, the fluids used to transfer or regenerate resins in any of
the systems mentioned akove may be contaminated. Therefore, all leaks
and resin-handling and regeneration fluids from these systems are
collected and processed in a radiocactive waste management system (WMS).
This WMS also uses filtration, ion exchange, or distillation or a
combination of the three to produce very low activity water suitable in
most cases for discharge to the environment. Because the WMS processes
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a wide variety of liquids, some of which may be contaminated with oil or
other wundesirable substances, the WMS effluent is generally not
recycled. Figqure A-V-11 shows a block diagram of the liquid radioactive
waste management system for a PWR.

In BWRs, the reactor coolant is itself boiled and thus flows through the
steam condensate system. The condensate is usually heated and returned
to the reactor. The solutions produced in handling or regenerating the
ion exchange resins constitute the major radioactive liquid waste in a
BWR. In addition to the equipment for "polishing condensate"® a systen
is provided for filtering and demineralizing the reactor coolant. This
system, called the reactor water cleanup system (RWCS), takes coolant
from the reactor vessel, cools it, filters and demineralizes it and
returns it to the reactor coolant system, thus controlling nonvolatile
corrosion products and impurities in the reactor water. Because no
boric acid is used in the reactor water under normal circumstances there
is no feed and bleed operation for boron concentration control and
consequently no boron management system.

As in the PWR, the water for refueling also becomes contaminated and any
leakage of refueling water as well as any leakage and resin regenerating
or transporting fluids and filter backwash (from any of the contaminated
systems discussed abcve) is collected and treated. Treatment of wastes
in a BWR also includes filtration, ion exchange, and distillation. The
exact design of the systems vary from plant to plant; however, from the
liquid radioactive waste point of view, BWRs may be placed in. two
categories: (1) those which use disposable ground resin in filter de-
mineralizers for condensate polishing, and (2) those which wuse resin
regenerable in deep bed demineralizers. In general, it appears that the
former system is favored except where saline cooling water is used.

The use of regenerable resin means that large volumes of regenerant
solutions have to be processed every day. The processing usually
involves the use of large evaporators with total through-put capacity on
the order of 0.002% M3/s (40gpm) or more for some plants. The
distillate from these evaporators is generally sent to high-purity waste
system for further treatment by ion exchange. About 90% of the effluent
of this high-purity waste system is recycled for use in the reactor and
10% discharged.

In those plants which use ground resin units for condensate polishing,
no regeneration takes place since water is used only to transport the
powder. Thus, considerably less fluid has to be treated and, since the
radionuclides are not dissolved into the water, only mechanical separa-
tion such as settling, filtration and centrifuging is used for initial
treatment of the water. Again the water is sent to a high-purity waste
system where it is treated by ion exchange and the bulk of the water is
recycled for use in the reactor with the remainder discharged into the
cooling water.
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BWRs usually use ground resin filter demineralizers in the RWCS and the

liquid from transporting ground resin in the RWCS is treated in the sanpe
way as that used for ground resin condensate polishers.

Other liquid wastes from BWRs are treated by ion exchange, evaporation,
and filtration. Other sources of wastes are floor drains and laundry
drains (including personnel decontamination and cask Cleaning),
Distillates from evaroration of these waste are generally discharged to
the environment. Concentrated bottoms from evaporators and solids fronm
dewatering equipment are drummed for off-site shipment. Figure A-V-12
shows a block diagram of the liquid radioactive waste handling systenms
of a BWR of 1,100MW capacity.

It is difficult to establish the exact amount of liquid which will be
released by the radioactive waste handling systems of a power reactor.
The number and type of shutdowns and load changes the amount of leakage
from various systems, and the degree of recycle of processed waste all
affect the quantities of liquid discharged. However, in the process of
obtaining licenses for construction and operation of a nuclear
powerplant, estimates are madé of these releases based on expected
operating conditions. A review of several Environmental Impact
Statements for PWRs and BWRs indicates a range of effluent quantities
which are expected to be discharged.

PWR wastes processed in the BMS are usually of high enough quality to be
recycled. 1In general, the distillate from BMSs contains concentrations
much lower than 1 mg/1 of ‘all chemicals other than boric acid which is
present at a maximum concentration cf 60 mg/l. The anticipated
quantities of BMS discharge for a sampling of PWRs ranges from 0 to over
5,000,000 gallons per year. The quantity of distillate discharged from
the BMS depends on the cperating mode of the plant (i.e. base loaded or

load following), number of shutdowns and the degree of distillate
recycling.

Distillate from the WMS can generally ke expected to have the same
chemical purity as that from the BMS although it may occasionally
contain a few mg/1 of sulfates and chlorides resulting from processing
condensate polisher regenerants during primary to secondary leaks.

Some of the fluids rcuted to the WMS are not necessarily treated by the
radwaste evaporator. These wastes are expected to be of such 1low
activity that they will be filtered, monitored, and then treated as
conventional wastes. The quantity of liquid discharged from the WMS of
a PWR can vary widely. For example, during a primary to secondary leak,
plant condensate polishers may process the polisher regenerants through
the WMS. While this means that millions of gallons of distillate may be
discharged from the WuWMS, it doesn't add to overall plant waste
discharged since the regenerants would have to be processed and
discharged at nearly the same rate by chemical treatment system in the
event there were no primary to secondary leak.
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As discussed above, the nature and quantity of liquid discharged by the
radioactive waste systems of a BWR differ greatly between units which
use ground resin condensate polishing and those which use conventiona)
ion exchangers. Even within a given type of plant there is a large
variation 1in techniques for handling the various wastes and the
anticipated discharge quantities vary considerably. For example one
plant using ground resin condensate polishers is expected to discharge
approximately 1.5 million gallons per year while another also using
similar polishers may discharge five times that amount.

Because of the treatment requirements for removing radioisotopes frop
waste streams, it is expected that most discharges from radioactive

waste systems in BWRs will contain extremely low concentrations of
chemical pollutants.

Summary of Chemical Usage

Table A-V-11 1lists chemicals used in steam electric powerplants
corresponding to varicus classes of uses.

Classification of Waste Waters Sources

Waste water sources can be classified as high-volume, intermediate-
volume, low-volume, or rainfall run-off. Table A-V-12 1lists the
individual waste water sources according to the above classification.
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Table A-V=1l1

CHEMICALS USED IN STEAM ELECTRIC POWERPLANTS
Major source is Reference 21.

Use

Coagulant in clarification
water treatment

Regeneration of ion ex-
change water treatment

Lime soda softening
water treatment

Corrosion inhibition or scale
prevention in boilers

PH control in boilers

Sludge conditioning

Oxygen scavengers in boilers

Boiler cleaning

Regenerants of ion exchange
for condensate treatment

Chemical

Aluminum sulfate
Sodium aluminate
Ferrous sulfate ’
Ferric chloride
Calcium carbonate
Sulfuric acid
Caustic soda
Hydrochloric acid
Common salt

Soda ash
Ammonium hydroxide
Soda ash
Lime
Activated magnesia
Ferric coagulate
Dolomitic lime

Disodium phosphate
Trisodium phosphate
Sodium nitrate

Ammonia

Cyclohexylamine

Tannins

Lignins

Chelates such as EDTA,NTA
Hydrazine

Morphaline

Hydrochloric acid

Citric acia

Formic acid
Hydroxyacetic acid
Potassium bromate
Phosphates

Thiourea

Hydrazine

Ammonium hydroxide
Sodium hydroxide

Sodium carbonate
Nitrates

Caustic soda
Sulfuric acid
Ammonex

Use

Corrosion inhibition or scale
prevention in cooling towers

-

Biocides in cooling towers

.

pH control in cooling towers

Dispersing agents in
cooling towers

Biocides in condenser cooling
water systems

Additives to house service
water systems

Additives to primary coolant
in nuclear units

Numerous uses

Chemical

Organic phosphates

Sodium phosphate

Chromates

2inc salts

Synthetic organics

Chlorine

Hydrochlorous acid

Sodium hypochlorite

Calcium hypochlorite

Organic chromates

Organic zinc compounds

Chlorophenates

Thiocyanates

Organic sulfurs

Sulfuric acid

Hydrochloric acid

Lignins

Tannins

Polyacrylonitrile

Polyacrylamide

Polyacrylic acids

Polyacrylic acid salts

Chlorine

Hypochlorites

Chlorine

Chromates

Caustic soda

Borates

Nitrates

Boric acid

Lithium hydroxide

Hydrazine

Numerous .proprietary
chemicals




Table A=V-=12
CILASS OF VARIQUS WASTE WATER SOURCES

Class Source

High Volume Nonrecirculating main condenser
cooling water

Intermediate Volume Nonrecirculating house service water
Blowdown from recirculating main
cooling water system
Nonrecirculating ash sluicing systems
Nonrecirculating wet-scrubber air
pollution control systems

Low Volume Clarifier water treatment

Softening water treatment

Evaporator water treatment

Ion exchange water treatment

Reverse osmosis water treatment

Condensate treatment

Boiler blowdown

Boiler tube cleaning

Boiler fireside cleaning

Air preheater cleaning

Stack cleaning

Miscellaneous equipment cleaning

Recirculating ash sluicing systems

Recirculating wet=scrubber air
pollution control systems

Intake screen backwash

Laboratory and sampling streams

Cooling tower basin cleaning

Rad wastes

Sanitary system

Recirculating house service water

Floor drainage

Miscellaneous streams

Rainfall Runoff Coal pile drainage
Yard and roof drainage
Construction activities
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PART A
CHEMICAL WASTES
SECTION VI
SEIECTION OF POLLUTANT PARAMETERS
Definition_of Pollutapts

section 502 (6) defines the term "pollutant" to mean dredged spoil, solid
waste, incineratior residue, sewage, garbage, radioactive materials,
heat, wrecked or discarded equipment, rock, sand, cellar dirt and
industrial, municipal and agricultural waste discharged into water.
This report addresses all pollutants discharged from steam electric
powerplants with the excertion of both high-level and 1low-level
radioactive wastes of nuclear powerplants. The exclusion is made for
two reasons: (1) administratively, the permiting or licensing authority
for nuclear plants, from the standpoint of radiation safety resides with
the U.S. Atomic Energy Commission; and (2) it is not known that the
application of conventional waste water treatment technology for the
control of non-radiation aspects of radioactive waste will not result in
the creation of a radiation hazard (e.g. due to the concentration of the
suspended solids removed).

Introduction

Section A-V describes various operations in a steam electric powerplant
which give rise to chemical wastes. Reported data were included for
each waste stream wherever available. The waste streams are specific to
each powerplant and depend upon factors such as raw water quality, type
and size of plant, age of plant, ambient conditions and operator
preferences. Table A-VI-1 summarizes the pollutants present in the
various chemical waste streams based on data recorded in Section A-V,
Waste Characterizaticn, and knowledge of the respective processes. The
data in many cases show a wide variation from plant to plant. This wide
variation in data and the presence of many pollutants in a single waste
stream makes the selection of characteristic pollutants a difficult
task. Table A-VI-2 summarizes the number of plants for which data was
recorded in Section A-V for each waste stream.

Common_Pollutants

Since powerplant waste effluents are primarily due to inorganic
chemicals, the common pollutants reflect the general level of inorganic
chemical concentration.

147



TABLE A-VI-1

APPLICABILITY OF PARAMETERS TO CHEMICAL WASTE STREAMS

Water Chemical
Condenser | Treatment Cleaning
Cooling '
System g 8 g
P P A
al By 0 BT
AP AT B PR L EE R P
AEE LR R CREE R EE B R R
PARAMETER SRR EE A SR PR Rt ER R TS PR
@] =S| olH © 3] mmjm < Slm & OAQlx Al |nn = =
ATKALINITY X1l X X X x| xlx X X X X
BOD X X X x | x | x X X X | X X
cop X X X X x | x X X X X X
TS X | x X X X x |l x be X X X X X ¥
TDS X | x X X X x|l x X X X X 1l x X
TSS X X X X X X X X X_ X X X X
AMMONIA X X X X X X X X X X
NITRATE X bid bid X X X X X X
PHOSPHOROUS X X X X X | X X X X X
TURBIDITY X X X X X X X X X X7 X X
FECAL COLIFORM : . X
ACIDITY i X X X X X X X
HARDNESS, TOTAL | X p'e | X X X | x X x | x
SULFATE X X X X X X X X X
SULFITE | X X X X
BROMIDE | | X
CHLORIDE C X X J‘ X X X X X X X
FLUOR IDE | X b4 X X
ALUMINUM (- X X X X X X
BORON A X
CHROMIUM [ X X X | X X | X X X X X
COPFER X [ X X | X ! X X | X X X X X
IRON x |x o x 'zl xlx |x |x | x|x X
LEAD X X X
MAGNES TUM ‘ X X X X | X X X X X X X
MERCURY X | x X x | x
NICKEL ‘ X X X X X | X pid X X X
SELENIUM , x | x
VANADIUM | X X X |
ZINC X X X | X X X X X
OIL & GREASE X__J X X X X
PHENOLS X X ! X X
SURFACTANTS X X X X X
ALGICIDES X | x X
CHLORINE v | x
MANGANESE X X X | X X X X X

NOTE: Miscellaneous streams such as laboratory sampling, stack chemical cleanings, etc.
are not included since the species are accounted for in other streams.
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TABLE A-VI-2

CHEMICAL WASTES-

NUMBER OF PLANTS WITH RECORDED DATA

sa3seM
ped Mo

soj3SeM
Kzej3Tues

Teaousy ¢Qs
s90TAS(d
UoT3INTIOd ATY

1

suteiq
I00Td

3
3

3

1

sbeuteaq
9TTd TeoD

3

MOTIIBA0
puod ysy

27 913

28| 6|3
26| 713
26
21
21

18] 2
12

19| 4
27

251 4

12

7
16 | 7

15 | 2

Chemical
Cleaning

OpTSaITd
Is1TOd

2
2
2
2
2
2
2
2
2
2

2
2

2

2

1
2

2

1

2 |16 | 7

939y
-81d _aTy]

7

7

soqny]
zo1TOg

17

12

UMOPMOT
ISTTO

171 617

18] 6 17

171 617

171 6 {7

18} 6 |6
171 617
151 6 17

14| 5|7

19117 | 7

101 617

11{ 417

161 517

17417 | 7

11}15 | 7

7117 |5

8

6]13 |7

5114

13112 |7

Water

Treatment

uoumuomm>ﬂﬁ

5

2
2

2

CERR
abueyoxd uol

125

12)7

157

7

14|18

8(5

2
.5

sejse
UOT3edDTFTIE]

5

4 11217

5

6 |16]8
6 118]9
6 |16]8

5

6 11717
6 | 20]9

6 11547
6 |23}7

6 |21i8

5

5 113]5

5 [17]6

5 |]16|8

Condenser
Cooling

System

Butjer
-noITO9Y

6
4
4

4
6
5
5

6
9

6
11

10

4

5

6

5

ybnoayl
aouQg

1

PARAMETER

ALKALINITY

80D

COD
TS

TDS
TSS

AMMONIA
NITRATE

PHOSPHOROUS
TURBIDITY

FECAL COLIFORM

ACIDITY
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OIL & GREASE
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SURFACTANTS
ALGICIDES

CHLORINE
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pH Value

pH value indicates the general alkaline or acidic nature of a waste
stream, and represents perhaps the most significant single criteria for
the assessment of its pollutional potential. While a pH in the neutra)
range between 6.0 and 9.0 does not by itself assure that the waste
stream does not contain detrimental pollutants, a pH outside of this
range is an 1immediate indication of the presence of potentia]
pollutants.

Total Dissolved Solids

Total dissolved solids represents the residue (exclusive of tota]
suspended solids after evaporation and includes soluble salts such as
sul fates, nitrates, ctlcrides, and bromides. Total dissolved solids are
particularly significant as a pollutant in discharges from closed
systems which involve recirculation and re-use. These systems tend ¢to
concentrate dissolved solids as a result of evaporation and require
blowdown to maintain dissolved solids within ranges established by
process requirements. The blowdown may contain specific pollutants in
detrimental amounts depending on the number of cycles of concentration.

Total Suspended Solids

Total suspended solids is another pollutant which is a characteristic of
all the waste streams. Suspended solids are significant as an indicator
of the effectiveness of solids separation, devices such as mechanical
clarifiers, ash ponds, etc. One of the functions of water use in a
powerplant is to convey solids from one stage of the process to another
or to a point of final disposal. Some processes used in a powerplant
create suspended solids by chemically treating compounds in solution so
that they become insoluble and precipitate. Turbidity is related to
suspended solids but is a function of particle size and not an
independent pollutant.

Having established +the three common pollutants, the characteristic
pollutants of individual waste streams are outlined below.

Pollutants from Specific Waste Streams
Biochemical Oxygen Demand (BOD - 5 day)

BOD is a significant pollutuant only for sanitary waste  water
originating from the use of sanitary facilities by plant personnel.

Chemical Oxygen Demand (COD)
COD is a pollutant wusually attributed to the organic fraction of

industrial waste waters. Since steam electric powerplants do not have a
significant volume of organic wastes, COD is generally not a significant
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pollutant in powerplant effluents, but may be used as gross indicator
for certain combined wastes.

0il and Grease

0il and grease enter into the plant drainage system primarily as a
result of spillage and subsequent washdown during housekeeping
operations or following natural precipitation. 0il and grease are also
removed from equipment during preoperational cleaning. 0il and grease
is normally present in the following waste streams:

Chemical cleaning:

‘boiler tubes;

- boiler fireside;

- air preheater;

- miscellaneous small equipment;

Ash handling
wastes - o0il fired plants;
- coal fired plants;
- floor and yard drains;

Drainage and misc.
waste streams - closed cooling water systems; and
- construction activity.

Ammonia

Ammonia is a significant pollutant in gplants that use ammonia compounds
in their operations. Ammonia may be used to control the pH in the
boiler feedwater. It may also be used for ion exchange regeneration in
condensate polishing and in boiler cleaning. An ammonia derivative,
hydrazine, is used as an oxygen scavenger, but is used only in small
quantities. Because of its instability, it is not 1likely to be a
component of a waste stream. Ammonia will therefore be a component of
those waste streams which emanate from the operations during which
ammonia is added to the system, such as ion exchange wastes, boiler
blowdown, boiler tube cleaning and closed cooling water systems.

Total Phosphorus

Phosphates are used by some powerplants in recirculating systems to
prevent scaling on heat transfer surfaces. To the extent that they are
used, they will be a component of any blowdown from such systems. These
include primarily boiler and PWR steam generator blowdown and blowdown
from closed cooling water systems but could also include a number of
minor auxiliary systems. In some cases, phosphorus compounds are also
used in boiler cleaning operations and would therefore be a possible
component of cleaning wastes.
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Chlorine - Free Available

Many condenser cooling water systems use chlorine or hypochlorites tg
control biological growth on the inside surface of condenser tubes. The
biological growth, if left uncontrolled, causes excessive tube
blockages, poor heat transfer, and accelerated system corrosion--all of
which reduce plant efficiency. For any cooling tower system the length
of time of the chlorine feed period and the number of chlorine feeq
periods per day, week, or month change as the biological growth
situation changes. In most cooling systems, the chlorine is added at or
near the condenser inlet in sufficient quantity to produce a free
available chlorine 1level of 0.1-0.6 mgs/l in the water leaving the
condenser. The amounts of chlorine added to maintain the free available
chlorine depend upon the amount of chlorine demand agents and ammonia in
the water.

Chlorine and ammonia react to form chloramines. Chloramines contribute
to the combined residual chlorine of the water. The combined residual
chlorine is less efficient and slower in providing biological control
than is the free availalkle chlorine. Total residual chlorine is the sunm
of the free available chlorine and the combined residual chlorine.

Although chlorination is effective for slime control in condenser tubes
of cooling system, its application may result in the discharge of total
residual chlorine to the receiving water., The effects of total residual
chlorine on aquatic life are of great concern.

Metals

Various metals may be contained in some of the waste streams as a result
of corrosion and erosion of metal surfaces and as soluble components of

the residues of combustion where such residues have been handled
hydraulically. ‘

Blowdown from boiler feedwater systems and from closed cooling water
systems will contain trace amounts of the metals making up the heat
exchanger surfaces with which they have been in contact. Treatment of
these waters generally minimizes the amount of corrosion. However,
cleaning operations of these systems are designed specifically to
restore the heat transfer surfaces to bare metal. In this process
significant . amounts of metal and metal oxide are dissolved and are
conveyed with the waste streams. The two most common metals 1likely to
be present in cleaning wastes are iron and copper.

Metals present in wastes from fuel storage and from ash handling
operations will depend on the metals present in the fuel.
Generalization 1is difficult because of +the wide wvariation in fuel
composition, but iron and aluminum are typically present in significant
quantities in ash from coal. Mercury may be present if the coal used
contained mercury. Vanadium is present in sufficient quantities in ash

resulting from the burning of some types of residual fuel oil, notably
of Venezuelan origin.
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1f chromates and/or zinc compounds are used for the treatment of closed
water systems, chromium and/or zinc will be significant
pollutants for any blcwdcwn or leakage from these systems.

cooling

These metals are likely to occur in the following waste streams:

1.

3.

5.

Ixon
water treatment
maintenance cleaning

ash handling

copper

- clarification;
- boiler tubes;
- boiler fireside;
- air preheater;
- coal fired plants;
and coal pile drainage.

boiler and steam generator (PWR) blowdown;

chemical cleaning -

condenser cooling
water systems

Mercury

ash handling -

Vanadium (oil-fired
ash handling;
chemical cleaning -

Chromium and Zinc

boiler tubes;
air preheater;
bciler fireside

once through; and recirculating

coal fired plants; and coal
pile drainage.

plants only)

boiler fireside; and
air preheater.

recirculating condenser cooling. system; and
closed cooling water system.

Aluminum and Zinc

coal pile drainage;
ash handling -
water treatment -
chemical cleaning -

coal fired plants;
clarification;
boiler fireside; and
air preheater.
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Phenols

Polychlorinated biphenyls (PCB's) are sometimes used as coolants jij
large transformers. In case of leaks or spills, these materials coulq
find their way into the yard drainage system. Materials showing up as
phenols are also possible in drainage from coal piles, floor and yard
drainage, ash handling streams, and cooling tower blowdown.

Sul fate

Sulfates in powerplant effluents arise primarily from the regenerant
wastes of ion exchange rrocesses. Sulfate may occur in ion exchange and
evaporator wastes, Lkoiler fireside and air preheater cleaning, ash
handling and coal pile drainage.

Sulfite

‘'Sulfite is used as an oxygen scavenger in the boiler feedwater system in
some plants. Plants using sulfite may discharge the sulfite with their
boiler blowdown. Because of its high oxygen demand, sulfite in
significant quantities is considered undesirable in a plant discharge.

Sulfite may occur in the following waste streams:

maintenance cleaning - boiler fireside;
- air preheater;
- stack;
- cooling tower basin;
ash handling - 0il fired plants;
-coal fired plants;
coal pile drainage; and
air pollution control
devices for SO2 removal.

Boron

Oxidizing agents such as potassium or sodium borate may be contained in
cleaning mixtures used for copper removal in the chemical cleaning of
boiler and steam generator (PWR) tubes.

Fluoride

Hydrofluoric acid or fluoride salts are added for silica removal in the
chemical cleaning of koiler and steam generator (PWR) tubes.

Alkalinity and Acidity

Both alkalinity and acidity are parameters which are closely related to
the pH of a waste stream.
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Total Solids

Total solids is the sum of the total suspended solids and the total
dissolved solids.

Fecal Coliform

Fecal coliform is only significant in sanitary waste.

Total Hardness

Hardness is a constitutent of natural waters, and as such is not
generally considered as a pollutant in effluents from industrial
processes. Also, hardness is not harmful in the concentrations recorded
in Section A-V. - '
Chloride and Magnesiurn

Both chloride and magnesium are not practicably treatable at the levels
recorded, and also are not harmful at the levels present in the various
waste streams.

Bromide

Bromide may result from boiler cleaning operations, but is not
considered harmful at the 1levels present. Moreover, it is not
practicably treatable at these levels.

Nitrate and Manganese

Nitrate and manganese are also not harmful nor practicably treatable at
the levels present in the various waste streams.

Surfactants

Surfactants are not practicably treatable at the recorded levels.
Algicides

Very little data was found for algicides (exclusive of chlorine)
although various algicides may be utilized in cooling water systems.
Most utilities requiring algicides utilize chlorine.

Other Potentially Significant Pollutants

The following are potentially significant pollutants, which may be

present in effluents from steam electric powerplants, but for which
little data are available at this time. :
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Cadmium
Lead
Nickel
Selenium

Complete analyses of the fossil fuel used by a particular plant can be
used as a basis for determining which pollutants, in addition to those
covered by effluent limitations guidelines and standards, are likely to
be present in effluents in quantities justifying monitoring and the
establishment of effluent limitations.

Selection of Pollutant FParameters

The U. S. Environmental Protection Agency published (Federal Regqgister,
Volume 38, No. 199, pp. 28758-28670, October 16, 1973) 40 CFR 136
Guidelines Establishing Test Procedures for the Analysis of Pollutants,
Seventy-one pollutant parameters were covered. This 1list with the
addition of free available chlorine, polychlorinated biphenyls, chemical
additives, debris and pH which were not included provides the basis for
the selection of pcllutant parameters for the purpose of developing
effluent limitations guidelines and standards. All 1listed parameters

are selected except for those excluded for one or more of the following
reasons:

1. Not harmful when selected parameters are controlled

2. Not present in significant amounts

3. Not controllable

4. Control substitutes more harmful pollutant

5. Insufficient data available

6. Indirectly ccentrolled when selected parameters are controlled
7. Indirectly measured by another parameter

8. Radiological pollutants not within the scope of effluent
limitations gquidelines and standards.

Table A-VI-3 presents a breakdown of the methodology for selection of

parameters for the following waste water stream (except for sanitary

wastes) which comprise the entire waste water discharged from steam
electric powerplants:

High Volume

. nonrecirculating (once-through) condenser cooling systems
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Table A-VI.3
SELECTION OF POLLUTANT PARAMETERS*

POLLUTANT PARAMETER CLASS OF WASTE WATER STREAMS

High=Volume Intermediate~Volume Low-Volume Rainfall Runoff

General
Acidity (as CaCo.,)
Alkalinity (as CaCO3)
Ammonia (as N)
Biochemical oxygen demand (5-day)
Chemical oxygen demand

Hardness=-total

Kjeldahl nitrogen (as N)
Nitrate (as N)

Nitrite (as N)

pH value

Total dissolved (filterable) solids
Total organic carbon

Total phosphorus (as P)

Total solids

Total suspended (nonfilterable) solids
Total volatile solids
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LST

Nutrients, Anions, and Organics
Algicides
Benzidine
Bromide
Chloride
Chlorinated organic compounds

Chlorine-~free available
Chlorine=total residual
Cyanide-total

Debris

Flouride

oil and grease

Organic nitrogen (as N)
Ortho-phosphate (as P)
Pesticides

Phenols

»
»

*k
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Polychlorinated biphenyls

Sulfate (as so4)
Sulfide (as S)
Sulfite (as SO3)
Surfactants
Chemical additives (biocide,corr.inhib.)
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»
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*Key: @ =Selected 5 =Rejected because insufficient data available

=Rejected because not harmful when selected parameters are controlled 6 =Rejected because indirectly controlled when selected parameters

=Rejected because not present in significant amounts are controlled

=Rejected because not controllable 7 =Rejected because indirectly measured by another parameter

=Rejected because control substitutes a more harmful pollutant 8 =Rejected because radiological pollutants are not within the
scope of EoPoAes guidelines and standards

Bwo e

** Selected Where technology is available to achieve no discharge
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Table A-VI-3 (continued)

SELECTION OF POLLUTANT PARAMETERS *

POLLUTANT PARAMETER

CLASS OF WASTE WATER STREAMS

Trace Metals
Aluminum=total
Antimony-total
Arsenic-total
Barium-total
Beryllium-total

High=Volume

Intermediate=Volume

Low==Volume

Rainfall Runoff

Boron-total
Cadmium=total
Calcium=total
Chromium=-VI
Chromium=total

Cobalt-total
Copper=-total
Iron=total
Lead-total
Magnesium-total

Manganese-total
Mercury-total
Molybdenum~total
Nickel-total
Potassium—~total

Selenium~total
Silver-total
Sodium~total
Thallium=-total

Tin-total
Titanium=total
Vanadium=-total
Zinc=-total
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Physical and Biological

Coliform bacteria (fecal) 2 2 2 5
Coliform bacteria (total) 2 5 5 >
Color 2 6 6 6
Fecal streptococci 2 2 5 5
Specific conductance 2 7 7 -
Turbidity 3 6 6 6
Radiological
Alpha=-counting error 8 8 8 8
Alpha-~-total 8 8 8 p
Beta-counting error 8 8 8 )
Beta-total 8 8 8 s
Radium=total 8 s 8 S

*Key @ =Selected
1

B WN

) 5 =Rejected because
=Rejected because not harmful when selected parameters are controlled 6 =Rejected because
=Rejected because not present in significant amounts
=Rejected because not controllable

=Rejected because control substitutes a more harmful pollutant 8 =Rejected because

are controlled
7 =Rejected because

insufficient data avialable
indirectly controlled when selected parameters

indirectly measured by another parametexr

radiological pollutants are not within the
scope Of EePeA. guidelines and standards



Intermediate Volume

. blowdown from recirculating condenser cooling water systems
. nonrecirculating ash sluicing systems;

. nonreciruclating service water systems

. nonrecirculating wet-scrubbing air pollution control systems

Low Volume

. blowdown from recirculating ash sluicing systems

. blowdown from recirculating wet-scrubber air pollution control
systems

. boiler blowdown

. equipment cleaning (air preheater, boiler fireside, boiler
tubes, stack, etc.)

. evaporator blowdown

. flow drains

. intake screen backwash

. recirculating service water systems

. water treatment system

Rainfall Runoff

. coal pile drainage

. road and yard drains
Sanitary System

The selected parameters for the various classes of waste water
streams are shown in Takle A-VI-4.
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Table A-VI- 4

SELECTED POLLUTANT PARAMETERS

Class of Waste Water Stream

Parameter

High Volume

Chemical additives

(biocides)*
Chlorine-free available
Chlorine-=total residual¥*
Debris

Intermediate Volume

Chemical additives
(corrosion inhibitors)*

Chlorine~-free available

Chlorine-total residual¥*

Chromium-total

Oil and grease

pH value

Total phosphorus (as P)

Total suspended solids

Zinc-total

Low Volume

Copper-total
Iron-~total

Oil and grease

pH value

Total suspended solids

Rainfall Runoff

0Oil and grease

pH value

Polychlorinated biphenyls
Total suspended solids

* Note: Selected where technology is available to

achieve no discharge.
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PART A
CHEMICAL WASTES
SECTION VII

CCNTROL AND TREATMENT TECHNOLOGY

Introduction

S S C— A —

Curry371 presgnts a general methodology for metallic waste treatment.
some of the principles are also applicable, however, to other types of

wastes. The following outline conveys, with some modifications, the
general principles of Curry's work:

I. Omit flows with a pollutant concentration 1lower than the
concentration in equilibrium with the precipitate formed

1II. Reduce the waste water volumes requiring treatment
III. Minimize the solubility of the pollutant
A. Eliminate compounds that form soluble complexes

B. Reduce ooncentration of interfering ions that increase
pollutants solubilities

C. Maintain conditions that minimize total solubility

IV. Control conditions to increase the proportion of the pollutants
in the ionic fcrm required for its precipitation or adsorbent
reaction

V. Avoid conditions that will form harmful amounts of gases during
treatment

VI. Select a process that will give the 1lowest practicable or
economically achievable amounts of pollutants in the effluent,
up to and including no discharge of pollutants

VII. Select a process that produces a sludge that can be disposed of
in accordance with environmental considerations.

The control and treatment technology for the discharge of chemical
wastes from a steam electric powerplant involves one or more
combinations of the fcllcwing techniques:

(1) Elimination of pollutants by:
a) process modifications
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b) material subst itutions
c) good housekeeping practices

(2) Control of waste streams by maximum reuse
and conservation of water

(3) Removal of pollutant from waste stream

In order to select and implement an efficient waste management progran,
it is necessary to evaluate the control and treatment techniques
corresponding to specific factors applicable in each case.

In this section alternate control and treatment techniques and their
limitations are evaluated for different chemical waste streanms.,
Advantages and disadvantages are presented. Based on the reported data,
industry-wide practices and exemplary facilities are indicated.

Chemical wastes can be discussed in three generxal groups (continuous
wastes, periodic wastes, and wastes whose characteristics are unrelated
to the powerplant operations) even though, for the purposes of guideline
development, a classification by volume would be appropriate. The
continuous wastes are those directly associated with the continuous
production of electrical energy. -They include condenser cooling water
discharge (for once-through systems) or blowdown (for closed systems),
water treatment plant wastes, boiler or PWR steam generator blowdown,
discharges from house service water systems, laboratory, ash handling
systems, air pollution control devices, and floor drains. The periodic
wastes are those associated with the regularly scheduled cleaning of
major units of equipment,. usually at a time of plant or unit shutdown.
Those include spent cleaning solutions from the cleaning of the boiler
or PWR steam generator tubes, boiler fireside, air preheater and con-
denser cooling system, and other miscellaneous equipment cleaning
wastes. The final grcup of wastes includes drainage from co